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Voorwoord 
De tragiek van veel sociologen is dat ze wetenschappelijk aantonen wat voor 
anderen allang bekend is. Op zichzelf beschouwd is dat ook niet zo verwonderlijk. 
Een socioloog doet onderzoek naar het sociale leven, waarover we allen zo onze 
eigen mening hebben. Vanaf ons zevende levensjaar ontwikkelen we een logisch 
denkvermogen waarmee we oorzaak en gevolg van empirische gebeurtenissen gaan 
beredeneren (Piaget, 1971). Gelukkig voor ons sociologen lukt het mensen niet 
altijd om op grond van eigen waarnemingen wetmatigheden te ontdekken. 
Interpretaties van gebeurtenissen kunnen namelijk door allerlei psychologische 
invloeden misleidend zijn. Zo is er bijvoorbeeld een geneigdheid om oorzaak en 
gevolg dicht bij elkaar te zoeken. Uit mijn eerste baan bij de Keuringsdienst van 
Waren herinner ik me nog dat wanneer men een voedselvergiftiging had opgedaan 
dan vrijwel altijd het laatst gegeten gerecht als boosdoener werd aangewezen. En 
dat, terwijl er aan voedselvergiftigingen van microbiologische aard een incubatietijd 
van minimaal 6 en vaker nog 24 tot 36 uur vooraf gaat. 
Om een juiste conclusie ten aanzien van oorzakelijkheid te kunnen trekken, 
moet men zich tenminste houden aan de volgende regels: 1) de veronderstelde 
oorzaak en gevolg moeten aan elkaar gerelateerd zijn, 2) de veronderstelde oorzaak 
moet in tijd voorafgaan aan het gevolg, en 3) alternatieve verklaringen moeten 
worden uitgesloten (Duncan, Duncan, Strycker, Li & Alpert, 1999). Gelukkig staat 
ons de statistiek ten dienst om vast te kunnen stellen of aan de eerste regel is 
voldaan. Om aan de tweede regel te voldoen is tijd nodig. Dat wil zeggen, het 
onderwerp van studie moet meerdere malen in de tijd gemeten zijn om vast te 
kunnen stellen of het één in tijd vooraf gaat aan het ander. Veel lastiger is het om 
aan de derde regel te voldoen. Uiteraard kan de levensvatbaarheid van veel 
alternatieve verklaringen onderzocht worden, maar men weet nooit zeker of er in 
het universum van mogelijke verklaringen nog niet één theorie is die de waarheid 
dichter benadert. Illustratief in dit verband is de theorie van de 'Generatio 
Spontanea', of de spontane generatie. Deze theorie, die dateert uit Middeleeuwen, 
veronderstelt dat uit levenloze stof levende wezens voortkomen. Als bewijs 
daarvoor werd een empirische bevinding aangehaald, waarbij uit oude vodden 
jonge muizen ontstonden. Hoewel aan de eerste twee regels voor het vaststellen 
van oorzakelijkheid was voldaan (vodden en muizen komen tezamen voor, en 
vodden zijn er voordat de muizen werden waargenomen) duurde het nog tot 1862  
 x
-- het jaar waarin Pasteur ontdekte dat zelfs micro-organismen niet spontaan 
ontstonden -- voordat alternatieve verklaringen het wonnen van de eerste. 
Het door de wetenschapsfilosoof Popper uitgewerkte falsificatiebeginsel 
(1975) is een belangrijk instrument bij het uitsluiten van alternatieve verklaringen. 
Poppers gedachtegang is dat men op grond van waarnemingen nooit tot zekere 
uitspraken kan komen. Bijvoorbeeld de uitspraak 'alle zwanen zijn wit' blijft 
onzeker, tenzij men alle zwanen die ooit geleefd hebben of nog zullen leven 
waargenomen had, hetgeen onmogelijk is. Het is echter wel mogelijk om de 
uitspraak 'alle zwanen zijn wit' met zekerheid te weerleggen zodra men het eerste 
zwarte exemplaar aantreft. Met andere woorden, we weten nooit met zekerheid wat 
waar is, we weten wel wat niet waar is. Door uit te sluiten wat niet waar is komt 
men dichter bij de waarheid. 
In dit proefschrift, getiteld "On the interrelationship between cognitive and 
social functioning in old age", wordt een poging ondernomen om huidige inzichten 
omtrent de veronderstelde causaliteit van sociale activiteiten op ontwikkelingen in 
het cognitief functioneren te toetsen. Er is daarbij gebruik gemaakt van gegevens 
van een grote groep Nederlandse ouderen, die in een periode van 6 jaar drie keer 
zijn onderzocht. Dit onderzoeksdesign maakt het mogelijk om aan twee van de drie 
regels voor het vaststellen van causaliteit te voldoen. Hier en daar wordt er in de 
studie het falsificatie beginsel toegepast om zo tegemoet te komen aan de derde 
voorwaarde. Of hiermee het debat over het effect van (sociale) activiteiten op 
cognitief functioneren is afgerond weten we niet. Het blijft altijd mogelijk dat 
andere onderzoekers tot weer andere inzichten komen. Ik wil daarom besluiten met 
de woorden van Goethe die hij in 1810 schreef in zijn onorthodoxe Zur 
Farbenlehre: "Of het nu waar is of vals, het zal zijn zoals het is ook al verdedigen we het ons 
het hele leven lang. Na ons heengaan zullen jongens die nu spelen onze rechters zijn" (Goethe, 
1991). 
 
Veenwouden, juli 2003. 
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CHAPTER 1 
 
 
General introduction 
 2
Introduction 
'Use it or lose it', or the equivalent Dutch proverb 'Rust roest ', is often proclaimed 
by laymen and scientists, suggesting that the use of cognitive skills helps people to 
prevent them from cognitive decline. It is believed that in line with the benefits of 
physical exercise on physical health, cognitive exercise is good for cognitive health. 
Several activities such as playing chess or attending educational courses are 
considered as cognitive exercises, and performing these activities is presumed to 
enhance cognition. Even different acts and routines in everyday life, such as social 
interaction or going to a museum, are considered to stimulate the brain which helps 
to slow down brain aging. But is this indeed the case? Or is it rather the other way 
around: people with high levels of cognitive functioning are active and involved in 
the social context until cognitive decline limits their activities? And is the 'use it or 
lose it' hypothesis merely a rudiment of the ancient quest for the fountain of youth 
– an attempt to postpone the consequences of aging? The present dissertation 
partly focuses on this 'chicken-and-egg' problem, by investigating the causal effects 
between social and cognitive functioning of older persons.  
 Cognitive functioning is an important aspect of human aging. Without 
sufficient cognitive skills it is difficult to meet all kinds of social duties and financial 
liabilities that are involved in the daily life of (older) adults. Decline of cognitive 
functioning, however, becomes more likely at higher ages. It may begin after 
midlife, but most often occur at higher ages (70 or higher). However, major 
individual differences in rate and onset of decline are observed (Baltes & Baltes, 
1990; Schaie, 1980, 1983). Moreover, maintenance or even improvement of 
cognitive functioning with aging is found among some persons (Baltes, Dittmann-
Kohli & Dixon, 1986; Korten, Henderson, Christensen, Jorm, Rodgers, Jacomb & 
Mackinnon, 1997). Cognitive decline is associated with increased personal 
discomfort, loss of autonomy, increasing needs of support, and increasing societal 
costs.  
 Presently, the number of people in the third age (Laslett, 1994), which is the 
period between retirement and increasing frailty, expands rapidly due to the 
diminishing age at which people retire and the increase in life expectancy. During 
this third age, people have a considerable amount of free time which they can fill 
with a variety of activities. However, developments in society have not kept pace 
with the rapidly increasing number of older adults (Riley, Kahn, & Fohner, 1994). 
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This 'structural lag' forms an obstacle in realizing plans and goals, which may lead 
to the social segregation of older adults. It is therefore important to stimulate 
programs that contribute to the integration of older adults. Social integration is 
believed to be healthy for older adults in both physical and mental terms, and 
according to 'use it or lose it' also in cognitive terms, and contributes to the 
bonding that holds societies together (Walker & Maltby, 1997). Research on the 
interrelationship between cognitive and social functioning may contribute to the 
design of intervention strategies that can improve the autonomy and well-being of 
the aging population.  
Before presenting the central theme of this dissertation we start with a 
presentation of the number of older adults in The Netherlands and the estimated 
number of adults suffering from severe cognitive decline. Subsequently, the outline 
and the objectives of the dissertation are presented, along with a summary of 
closely related studies in the field of cognitive and social aging, and the research 
questions of this thesis. We conclude this chapter with a brief description of the 
Longitudinal Aging Study Amsterdam (LASA), from which we drew the data used 
in our research. 
 
 
 
Background  
The average length of life is longer than ever before, and the number of older 
adults is increasing rapidly. The average age at which people die increased from 64 
for men and 68 for women in 1960 to 72 for men and 78 for women in 2001 
(Netherlands Statistics (CBS), 2002a). It is hardly news that the Dutch society, as 
well as other Western societies, are aging fast, and it is estimated that in The 
Netherlands, the proportion of adults aged 65 and over increased from nine 
percent in 1960 to 14 percent in 2002 (CBS, 2002b), meaning there is one older 
adult for every seven who are younger than 65. By 2040, the proportion will be 
nearly one in four; almost a double. 
This increase in life expectancy and the increase in the number of older 
adults, however, has its drawbacks. As people grow older, the risk for age-related 
problems, such as severe cognitive impairment, also increases. At present, one 
among every 93 individuals suffers from dementia, and it has been estimated that 
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by 2050 this will be one in 44 (estimated absolute number 410,000). Seven percent 
of people aged 65 and over suffer from dementia, compared to 30 percent of 
people aged 85 and over (Health council of the Netherlands, 2002). When 
cognitive function is diminished, there is an increase in the need for support, both 
formal and informal, with a corresponding increase in total costs for health care. 
However, there is a tendency to a decreasing availability of informal helpers. Due 
to widowhood and the greater divorce rates, the number of people living without a 
partner --which is an important informal helper -- increases. CBS estimates a 
doubling of the number of single households for men aged 65 years and over 
within the next 20 years (CBS, 2002a). Furthermore, the availability of children, 
which are also important informal helpers, also decreased due to the lower 
birthrate, and their increased geographical mobility (Broese van Groenou & Van 
Tilburg, 1997). Finally, the increasing participation in the workforce of the 
daughters, who often provide the lion share of the informal support for older 
adults, further decreased the availability of informal helpers. For women aged 
between 15 and 64 years participation increased from 30 percent to 52 percent over 
the last 20 years (CBS, 2002a).  
 
 
 
Outline and scientific fields of study  
The focus of the present thesis is on social and cognitive functioning in older 
adults. The central question is whether the cognitive functioning of older adults is 
affected by contextual influences such as social participation, the personal network, 
and one important life event, i.e., the loss of the spouse. When necessary, two other 
domains of functioning, i.e., physical and emotional functioning are included. We 
also investigated reversed causation, i.e., the level of cognitive functioning that 
would be predictive of (changes in) social functioning. A diagram representing the 
relationships between cognitive and social functioning under study is shown in 
Figure 1.1. 
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Figure 1.1 Representation of the supposed interrelationship between social and cognitive functioning
Arrow A depicts changes within the domain of social functioning over time. An 
important aspect of a person’s social functioning is their relationship with other 
human beings, the so-called personal network. Researchers in this field often focus 
on two dimensions of the personal network: structure and function (Berkman, 
Glass, Brisette, & Seeman, 2000). Structure refers to the size, durability, 
composition, and geographic dispersion of the network; function refers to the 
exchanges of instrumental and emotional support between the members of the 
network. Studies on the structure of the personal network often use the metaphor 
of the 'social convoy' (Kahn & Antonucci, 1981) to describe the changing 
composition of an individual’s personal network. A current theory describing age-
related changes in the structure of personal networks is the Socioemotional 
Selectivity Theory (SST) (Carstensen, 1992). According to this theory, aging people 
increasingly select relationships that provide emotional support, and fewer 
relationships that provide only information or which fulfill affiliation needs. Studies 
on the function of the personal network focus on the consequences of the network 
on physical and mental health. Participation in social activities outside the personal 
network, such as attending church services or social clubs, is another aspect of the 
social functioning of older adults. Change in the level and pattern of social 
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participation is to be expected, although there is still discussion about the 
underlying mechanism of these changes. According to the disengagement theory 
(Cumming & Henry, 1961) a mutual withdrawal between older persons and society 
takes place in anticipation of death. In contrast with this is the activity theory 
(Havighurst & Albrecht, 1953) stating that although there might be a decrease in 
the level of social participation, this is due to the social barriers, not the desires of 
older people. 
The study of changes in cognitive functioning (arrow B) is typically the field 
of developmental psychologists and gerontologists, and -- in the case of 
pathological cognitive decline -- neuropsychologists. According to the two-domain 
concept of intellectual functioning (cf. Baltes, 1987), two distinct but interrelated 
aspects of cognitive functioning can be distinguished: fluid and crystallized 
intelligence. Fluid intelligence refers to the mechanics or processes of cognitive 
functioning, such as memory or the speed of information processing, and 
crystallized intelligence refers to the pragmatics or products of cognitive 
functioning, knowledge, for example. Influences on the ontogenesis of cognitive 
functioning differ by domain. It is assumed that crystallized intelligence is closely 
related to sociocultural factors such as level of education and socioeconomic status. 
On the other hand, fluid intelligence may be more strongly related to brain 
functioning and therefore more susceptible to biological decrements in brain 
functioning.  
The two-component model does not assume that individual differences in 
fluid and crystallized abilities are unrelated. Fluid and crystallized abilities build on 
each other. Factors affecting crystallized intelligence may also have a derived effect 
on fluid intelligence and vice versa (Lindenberger & Baltes, 1997). Research shows 
that crystallized intelligence steadily increases with age into late adulthood, whereas 
fluid intelligence starts to decline in the early sixties (Schaie, 1983; Giambra, 
Arenberg, Zonderman, Kawas, & Costa, 1995). In the present thesis, our focus is 
on aspects of fluid intelligence such as memory, learning, information processing 
speed, and problem solving, as these functions show increasing inter- and intra-
individual differences in functioning, whereas differences in crystallized intelligence 
remain more or less stable over time. Furthermore, a decline in fluid intelligence 
may indicate an early stage of Alzheimers’ disease (Morris, Storandt, Miller, 
McKeel, Price, Rubin, & Berg, 2001), which makes this study also of interest for 
clinical practice. 
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So far, changes in the two domains of functioning reflected by arrows A and 
B represent only the effect of the 'passage of time'. In this thesis we are specifically 
interested in the interrelationship between cognitive and social functioning, which 
are represented by arrow C and D. Arrow C depicts the possibility that being 
engaged in the personal network and in social activities outside the network affects 
the level of cognitive functioning. Evidence for this effect stems from a study by 
Fratiglioni and colleagues who observed that social relationships have a powerful 
effect on cognitive health (Fratiglioni, Wang, Ericsson, Maytan, & Winblad, 2000). 
Furthermore, studies in line with the 'use it or lose it' principle, suggests that being 
socially active challenges people’s cognitive abilities, thus preventing cognitive 
decline (Arbuckle, Gold, & Andres, 1986; Salthouse, 1987; Musick, Herzog, & 
House, 1999). 
However, a conceivably reversed causal path could never be detected with 
the analytical models used in the above mentioned studies, as no reversed paths 
were included in the models. There are several reasons to expect that good 
cognitive functioning may be a prerequisite for certain activities and social 
involvement (arrow D). Let us consider the situation in which a person with many 
personal relationships is confronted with cognitive decline and who becomes in 
need of support. According to an application of the theory of Selective 
Optimization with Compensation (SOC) a decline in cognitive capacity stimulates 
people to select and optimize those relationships from which the highest amount 
of social support can be expected, instead of trying to maintain all their 
relationships (Baltes & Carstensen, 1996). As close relatives are more likely to 
provide long-term instrumental support than non-relatives (Broese van Groenou, 
& Van Tilburg, 1997; Dykstra, 1990), an increase in the proportion of close 
relatives in the network is to be expected when people suffer from cognitive 
decline. Furthermore, based upon exchange theory (Gouldner, 1960), changes in 
personal networks can be explained in terms of reciprocity, which implies that 
people prefer relationships in which the exchange of support is balanced. When 
their cognitive capacities are diminished, people need support; however, this 
decline makes it difficult for them to reciprocate, and the balance of receiving and 
giving support will be affected. This may, in turn, lead to the end of the 
relationship.  
Apart from the causality between cognitive and social functioning, we will 
investigate whether another contextual factor, i.e., the loss of the spouse, also 
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affects cognitive aging (arrow E, followed by arrow D). Recently, a cross-sectional 
community-based study observed lower memory performance among older 
persons who experienced grief, suggesting a negative effect of bereavement on 
memory functioning (Xavier, Ferraz, Trentini, Freitas, & Moriguchi, 2002). There 
are several reasons to expect that bereavement may have negative consequences on 
cognitive functioning. Loss of the spouse has been found to have a negative effect 
on physical and mental health and to lead to increased mortality rates, which may 
have its repercussion on cognitive functioning. However, due to the cross-sectional 
nature of the study of Xavier and colleagues, conclusions on causality are limited. 
Persons who lost their spouse may have been in a disadvantaged position 
beforehand (Stroebe & Stroebe, 1983), which may explain the relationship between 
grief and memory functioning. 
 If there appears to be any relation between social and cognitive functioning, 
all other factors that might interfere with the relationships under study need to be 
excluded as a matter of course. The ellipse labeled 'Confounders' depicts possible 
underlying factors that confound the relationships under study. For example, if 
going to a museum is customary in higher socioeconomic status groups, then the 
higher level of education to which both variables are related may cause a 
relationship between going to a museum and cognitive functioning. However, we 
do not always know the nature of such underlying factors. Nevertheless, with 
structural equation models, it is possible to deal with such confounding influences, 
even if these influences are not measured (MacCallum, Wegener, Uchino, & 
Fabrigar, 1993). 
 
 
 
Objectives 
The main objective in the present thesis is to investigate the interrelationship 
between (changes in) cognitive and social functioning in older persons. The first 
study investigates the extent to which participation in different types of everyday 
activities promotes the development and maintenance of the distinguished 
cognitive abilities (arrow C). The reversed causal relationship, i.e., high-ability 
individuals lead active lives until cognitive decline in old age limits their activities 
(arrow D) is also investigated. The following questions will be addressed: 
 9
1a. What is the direction of causation between everyday activities and cognitive 
functioning over a period of six years? 
 1b. If everyday activities indeed enhance cognitive functioning, do specific 
activities differ in their impact on cognitive performance? 
1c. If cognitive functions indeed enhance everyday activities, do specific 
cognitive functions differ in their impact on everyday activities? 
 
The second study focuses on the structural characteristics of the network and 
investigates the effect of cognitive and physical decline in addition to the effect of 
age on changes in the personal network (arrow D). Although the Socioemotional 
Selectivity Theory (SST) suggests that changes in the composition of the network 
are the result of the proactive behavior of aging individuals (Carstensen, 1992), 
there are indications that change in the network is also a consequence of 
diminishing physical capacity (Van Tilburg, 1998). The extent to which a decline in 
cognitive functioning affects personal network is currently not clear. Therefore, the 
next questions concern the effect of physical and cognitive decline on changes in 
the structure of the personal network: 
2a. Do the size and composition of the personal network of older adults change 
over six years?  
2b. If so, do physical and general cognitive decline increase the likelihood of 
network change? 
 
The third study investigates a largely unexamined link between widowhood and 
cognitive performance (arrow E followed by arrow B). Concerning the effect of 
losing a spouse on memory functioning, the following questions will be addressed: 
3a. Does the loss of the spouse lead to greater memory decline in older adults?  
3b. If so, is a decline in memory functioning in fact the consequence of changes 
in other domains of functioning (physical and mental health) that are 
affected by spousal bereavement? 
3c. Do any of the effects of widowhood on memory decline differ for men and 
women? 
 
The fourth and final empirical study focuses on the function of the personal 
network in relation to cognitive functioning. The central question is whether the 
receipt of support and lower levels of loneliness predicts differences in memory 
 10
functioning (arrow C). We also investigate reversed causation, i.e., whether the level 
of memory performance is predictive of changes in social support and feelings of 
loneliness (arrow D). The questions are: 
4a. Is social loneliness related to greater memory decline, or does a lower level 
of memory functioning lead to social loneliness? 
4b. Are lower levels of support related to greater memory decline, or are lower 
levels of memory functioning related to reduced levels of social support? 
 
 
 
LASA 
The data used in this research are drawn from the Longitudinal Aging Study 
Amsterdam (LASA). LASA is the first ongoing longitudinal study in The 
Netherlands specifically designed to study determinants of the autonomy and well-
being of older persons. In LASA, four domains of functioning are distinguished: 
cognitive, social, emotional, and physical. The study focuses on predictors of 
change in these domains, on trajectories of functioning, consequences of change in 
functioning, and the interrelationship between the four domains of functioning 
(Deeg, Knipscheer, & Van Tilburg, 1993). LASA was started in 1991/1992 and 
since then the social, cognitive, emotional, and physical domains of functioning of 
3,107 older persons have been examined every three years. The fourth round of 
data collection among the 1,691 remaining older adults is finished in 2002. 
The LASA sample is stratified by age and sex, with an oversampling of older 
and male subjects at baseline. The sample is drawn from the population registers of 
11 municipalities in three culturally distinct geographical areas in The Netherlands. 
Each area consists of one middle- to large-sized city and two or more rural 
municipalities that border on the city. The municipalities included in the sample are 
Amsterdam, Wormerland, Waterland, (West); Zwolle, Ommen, Genemuiden, 
Zwartsluis, Hasselt (North-East); and Oss, Uden, Boekel (South). The LASA 
sample is initially recruited for the study “Living arrangements and Social Networks 
of older adults” (LSN) (Knipscheer, De Jong Gierveld, Van Tilburg, & Dykstra, 
1995). 
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Activity in older adults: Cause or consequence of 
cognitive functioning? A longitudinal study on 
everyday activities and cognitive performance in 
older adults 
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Abstract 
The impact of three types of everyday activities (i.e. social, experiential and developmental) on four 
cognitive functions (i.e. immediate recall, learning, fluid intelligence, and information processing 
speed) and one global indicator of cognitive functioning (MMSE-score) over a period of six years 
was studied in a large 55-85 year old population-based sample (n=2,076). A cross-lagged 
regression model with latent variables was applied to each combination of one cognitive function 
and one type of activity, resulting in 15 (3*5) different models. None of the activities were found to 
enhance cognitive functioning six years later when controlling for age, gender, level of education, and 
health, as well as for unknown confounding variables. Conversely, one cognitive function (i.e. 
information processing speed) appeared to affect developmental activity. It is suggested that not a 
specific activity, but rather socioeconomic status to which activities are closely connected contributes 
to maintenance of cognitive functions.  
 
 
 
Introduction  
Researchers in the field of cognitive aging agree that, on average, cognitive 
functioning declines with aging. Cognitive decline may begin after midlife, but most 
often occur at higher ages (70 or higher). However, major individual differences in 
rate and onset of decline are observed (Baltes & Baltes, 1990; Schaie, 1980, 1983). 
Moreover, maintenance or even improvement of cognitive functioning with aging 
is found among some persons (Baltes, Dittmann-Kohli & Dixon, 1986; Korten, 
Henderson, Christensen, Jorm, Rodgers, Jacomb & Mackinnon, 1997). Cognitive 
decline is associated with increased personal discomfort, loss of autonomy and 
increasing societal costs. Research on factors affecting cognitive performance may 
therefore contribute to the design of intervention strategies that can improve the 
autonomy and well-being of the aging population. 
 Over the last decades, increasing evidence has been provided for the 
beneficial effects of contextual variables suggesting possible points of contact for 
intervention strategies. Leading an active life is suggested to enhance cognitive 
functioning (Schaie, 1983). This relation is explained by the use of cognitive skills 
needed to perform activities, especially activities which are cognitively demanding, 
resulting in maintenance or enhancement of cognitive functioning. Several studies 
are consistent with this idea (Arbuckle, Gold, & Andres, 1986; Hultsch, Hammer & 
Small, 1993; Fabrigoule, Letenneur, Dartigues, Zarrouk, Commenges & Barberger-
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Gateau, 1995; Smits, Van Rijsselt, Jonker, & Deeg, 1995). Apart from these cross-
sectional studies in which conclusions on causality are limited, a longitudinal study 
conducted by Gold, Andres, Etezadi, Arbuckle, Schwartzman and Chaikelson 
(1995) revealed that being active is related to maintenance of intelligence across 40 
years. 
 Recently, Hultsch, Small, Hertzog & Dixon (1999) contested the supposed 
beneficial effect of contextual variables on cognitive functioning. Using 
longitudinal data collected among 250 middle-aged and older adults they investigate 
whether participation in cognitively demanding activities promotes the 
development and maintenance of cognitive abilities, or that cognitively capable 
people tend to participate in environments that are cognitively demanding. Both 
directions of causation were supported by the data. Hultsch et al. also 
demonstrated this reversed causality in the data set used by Gold et al. (1995). This 
finding led to a lively discussion between the two groups of researchers (Hertzog, 
Hultsch, & Dixon, 1999; Pushkar, Etezadi, Andres, Arbuckle, Schwartzman & 
Chaikelson, 1999). The discussion focussed on the selection of indicators of an 
active lifestyle, some methodological differences, and differences in study samples. 
The first and second issue constitute the starting point for the present study, in 
which we examine the relation between everyday activities and cognitive 
functioning in later life. 
 Regarding the measurement of activities, it is noted that Gold et al. (1995) 
used socioeconomic status (SES) as one of the three indicators of an engaged 
lifestyle, whereas Hultsch et al. (1999) selected a broad range of everyday activities, 
including physical activities, social activities, hobbies, and novel information 
processing activities such as learning a language or playing bridge. We share the 
concern expressed by Hultsch et al. (1999) that level of cognitive functioning, 
which is associated with SES, moderates the positive relation between engaged 
lifestyle and cognitive functioning observed by Gold et al (1995). However, the 
relation between novel information processing activities and cognitive functioning 
observed by Hultsch et al. (1999) may be the result of an unobserved confounding 
variable such as level of education. It is not unthinkable that these novel 
information processing activities, which were operationalized by playing bridge and 
learning a language, are related to higher levels of education or SES (Ganzeboom, 
1989). Lack of control for level of education may have resulted in spurious 
relations between activity and cognitive performance. A procedure to deal with 
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confounding variables, even if these variables are unknown (MacCallum, Wegener, 
Uchino & Fabrigar, 1993), could have prevented both studies for finding spurious 
relationships.  
 Another issue is the specification of all possible directions of causation. In 
the model used by Gold et al. (1995) no reversed causal direction was specified, and 
hence no reversed causal effect was detected. In contrast, Hultsch et al. (1999) 
specified both directions of causation in two different models. This approach, 
however, does not reveal whether these effects could still be observed when both 
directions were implied in one model, or whether one of the two directions was 
predominant. 
  In the present study we investigate the extent to which one of the two 
possible directions of causation is present or even predominant, in a large 
population-based sample of older adults, using various types of everyday activities 
and cognitive functions. We control for the effect of age, gender, level of education 
and health, as well for the confounding effect of other, unmeasured, variables. 
 Our first question deals with the direction of causation between different 
types of everyday activities and cognitive functioning. First the causal effect of 
activities on cognitive functioning is tested. In line with previous studies 
(Fabrigoule et al., 1995; Gold et al. 1995) we expect positive effects from everyday 
activities on cognitive functioning over time (hypothesis 1). The positive effect of 
activities on cognitive functioning may be explained by the process of 'learning 
generalization' (Miller, Slomczynski & Kohn, 1987). Learning generalization means 
that knowledge and orientations acquired in one situation are generalized or 
transferred to other situations. For example, people who do intellectually 
demanding work come to exercise their intellectual abilities not only on the job, but 
also in their non-occupational lives.  
 The idea of learning generalization, however, also pleads for the opposite 
direction of causation. Individuals who are already at a high level of cognitive 
functioning may prefer activities that are cognitively demanding. This leads to a 
competing hypothesis 1, stating that respondents with good cognitive functioning 
engage in activities that are cognitively demanding. In line with this is the 
hypothesis of Hultsch et al. (1999) which reads that high-ability individuals lead 
intellectually active lives until cognitive decline in old age limits their activities.  
 If everyday activities indeed enhance cognitive functioning, our second 
question is whether specific activities differ in their impact on cognitive 
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performance. Several studies suggest that specific activities affect cognitive 
functioning, rather than an activity per se. Activities suggested to significantly affect 
cognitive functioning are activities that are cognitively demanding (Hultsch et al., 
1993). In line with this are studies of Kohn and Schooler (Kohn & Schooler, 1978; 
Schooler, Mulatu & Oakes, 1999), stating that substantively complex works 
improves intellectual functioning. Finally, Arbuckle, Gold, Andres, Schwartzman & 
Chaikelson, (1992) revealed that activities in which social support is received results 
in maintenance of cognitive functioning. However, a classification of everyday 
activities into cognitively demanding, or socially supportive activities is not 
straightforward. Some activities may be both cognitively demanding and 
supportive, whereas other activities may well differ across individuals in the extent 
to which the activity is cognitively demanding or supportive. For example, some 
people may visit a chess match as a spectator because of their interest in chess, 
whereas others do so in order to meet their friends.  
 Lawton (1993) argues that a classification that discriminates best between the 
universe of possible activities is one based on the meaning of the activity. Adapting 
Lawtons classification we distinguish social, experiential, and developmental 
activities. Social activity includes three subcategories, i.e. social interaction, social 
status, and service, such as volunteering. Experiential activity is characterized by the 
intrinsic satisfaction of the activity. It includes activities that are engaged in to find 
relaxation, or relief from social contexts. Developmental activity, including intellectual 
and creative activities, have in common that they are meant to help oneself become 
something, or change in some way. Such type of activity thus possesses an 
instrumental component. Applying the concept of cognitive demand to the 
categorization of Lawton (1993), we expect developmental activity to best reflect 
activities that are cognitively demanding, and as such enhance cognitive 
performance. Furthermore, social support is likely to be generated by social 
activities, hence we expect social activities also to enhance cognitive functioning. 
As experiential activity is not necessarily a cognitively demanding activity, nor an 
activity in which social support is received, we do not expect any effect on 
cognitive functioning (hypothesis 2). 
 Finally, we focus on the extent to which various cognitive functions are 
enhanced by everyday activities, or whether everyday activities are enhanced by 
cognitive functions. Based on the speed hypothesis of Salthouse (1996) and 
arguments of Hutsch et al. (1993) we expect that information processing speed will 
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be less sensitive to everyday activities than memory and various types of non verbal 
intelligence. Furthermore, as the slowing of information processing speed precedes 
decline of higher order cognitive functions, we expect that whenever the level of 
activity is affected by cognitive functioning, it is most readily seen for information 
processing speed (hypothesis 3). 
 
 
 
Methods 
Sample 
Data are used from the Longitudinal Aging Study Amsterdam (LASA), which is a 
longitudinal, multi-disciplinary research project focusing on autonomy and well-
being in the aging population (Deeg, Knipscheer & Van Tilburg, 1993). The LASA 
sample is stratified by age and sex, and there was an oversampling of older and 
male subjects at baseline. The sample is drawn from the population registers of 
eleven municipalities in three culturally distinct geographical areas in The 
Netherlands. The LASA sample is initially recruited for the study "Living 
arrangements and Social Networks of older adults (LSN)" (Knipscheer, De Jong 
Gierveld, Van Tilburg & Dykstra, 1995).  
 Since the beginning of the LASA-study, three cycles have been conducted 
with a time-interval of approximately three years. The first cycle took place 
between October 1992 and March 1993. Of the 3,805 LSN sample, 3,107 persons 
aged 55 to 85 years took part in the first (T1) LASA cycle (1992/1993). Of the 698 
LSN respondents who did not participate in the LASA study, 126 (18%) had died 
and 134 (19%) were unable to participate in the study because of severe physical 
and/or mental health problems. Furthermore, 394 (56%) refused to be re-
interviewed, and 44 (6%) could not be contacted. In the present study we selected 
data from the first and third cycle, which yields a 6 year time interval. Of the 3,107 
LASA respondents, 2,076 (67% of 3,107) were able to participate in the third (T3) 
cycle (1998/1999). Attrition between T1 and T3 was caused primarily by mortality 
(761 persons, 24%). Other reasons for attrition were refusal (160 persons, 5%), 
frailty (81 persons, 3%), and failure to contact (29 persons, 1%). Attrition, not 
attributable to mortality, is associated with low cognitive performance, low level of 
everyday activity, high age, being male, and a lower level of education (all: p < .001) 
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at the first LASA cycle, resulting in a selection of respondents who are relatively 
younger, higher educated and active, with relatively good cognitive performance.  
 Although our sample is clearly a survival sample, we still have a relatively 
large proportion (70%) of respondents with one or more chronic disease suggesting 
sufficient heterogeneity of general health in the study sample. Furthermore, the 
stratified sampling frame and the sample size guarantee the inclusion of sufficient 
males (T1 49%; T3 45%), respondents in the highest age category (T1 M = 70.8, SD 
= 8.8; T3 M = 74.7, SD = 8.3), respondents with low level of education (T1 M = 
3.4, SD = 2.0; T3 M = 3.5, SD = 2.0), and low levels of activity (Table 2.1). 
 Both at T1 and T3, data on the LASA participants were collected by means of 
two face-to-face interviews and one self-administered questionnaire. With respect 
to the variables used in this study, the same instruments were used at T1 and T3. 
Measures of fluid intelligence and general cognitive functioning were assessed 
during the first face-to-face interview, whereas measures of information processing 
speed and memory were part of the second face-to-face interview, which took 
place 2-4 weeks after the first interview. At T3, respondents born between 1931 and 
1937 were not included in the second face-to-face interview, unless they were part 
of a small group participating in a side study (n = 124). As a consequence, the 
number of respondents (n = 1,352) completing the memory test and the 
information processing speed test at T3 is smaller than for the fluid intelligence test 
and MMSE at T3 (n = 1,874). 
 
Instruments 
Exogenous variables 
Baseline scores of age, gender, health, and level of education are considered as 
exogenous variables as these are known to be associated with cognitive 
performance (Holland & Rabbitt, 1991; Brayne, Gill, Paykel, Huppert & O’Connor, 
1995; Gribbin, Schaie, & Parham, 1980; Perlmutter & Nyquist, 1990). Apart from 
their potentially confounding effect on cognitive performance, age and gender are 
included because of their use as sample stratification variables. Functional ability 
was used as indicator of health. Scores were based on ability to perform three 
activities; walking up and down a staircase with 15 steps without having to stop, 
using own or public transportation, and cutting one’s own toenails (Kriegsman, 
Deeg, Van Eijk, Penninx, & Boeke, 1997). The respondents were asked to indicate 
whether they had difficulty in performing the activity, whether they needed help, or 
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were unable to perform it at all. Functional ability ranged from 0 to 9, with higher 
test scores indicating better physical functioning. The functional ability index has 
good reliability (Cronbachs α = .75 at T1 ). Level of education was assessed by 
asking the respondent for the highest educational course completed, resulting in a 
nine categories variable ranging from 1 (incomplete elementary education) to 9 
(university education). 
 
Endogenous variables 
Everyday activities 
Information was collected on 23 different everyday activities. We first selected 
those activities in which at least 4% of the respondents were engaged, to ensure 
sufficient variability in the variables. The selected 16 activities were then assigned to 
the three main categories of everyday activity, i.e. social, experiential, and 
developmental activity, by eight colleagues of our research team. Agreement on 
assignment (at least 6 out of 8 raters) was observed for 11 activities, which were 
used for further analyses.  
For social activity three out of five social activities showing the highest 
intercorrelation were selected: visiting church services (yes, no), visiting 
neighborhood associations (yes, no), and visiting meetings of an organization for 
helping older adults, neighbors or handicapped persons (yes, no). For experiential 
activity three out of four experiential activities showing the highest intercorrelation 
were selected: making a trip to the forest, dunes, zoo, or entertainment park, 
visiting a cultural institution such as a museum, theater or cinema, and visiting a 
café or restaurant (all answer categories ranged from never (1) to every day (7)). For 
developmental activity two different activities were selected: following an educational 
course or study during the past 6 months (yes, no), and doing outdoor sports 
(never (1) to every day (7)). 
Finally, with the LISREL8 program (Jöreskog & Sörbom, 1993) we tested 
whether change in the measurement model of everyday activity could be assumed 
to be a true change of everyday activity. This change, also referred to as alpha 
change (Golembiewski, Billingsley & Yeager, 1976) which is the level of change 
given a constant calibrated instrument and conceptual domain, is assumed to be 
present when the covariance matrices of the indicators in the measurement model 
are equal at T1 and T3. We therefore performed a two group analysis for the latent 
variables experiential, social and developmental activity, under the assumption of 
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equal covariances at both time points. The models for experiential activity and 
social activity revealed good fitting models (χ2 = 13,35, df = 6, CFI = .99, sRMR = 
.02, RMSEA = .02, and χ2 = 8,81, df = 6, CFI = 1.00, sRMR = .02, RMSEA = .01 
respectively). However, for the two indicators of developmental activity, no such 
model could be found. It was concluded that, although doing outdoor sports and 
attending educational courses both were rated as indicators of a developmental 
activity, their content was too different to represent a homogeneous dimension. As 
attending educational courses best reflects the idea of a cognitively demanding 
activity, we selected studying as single indicator of developmental activity. 
 
Cognitive functioning 
The cognitive functions involved in this study were those commonly found to 
deteriorate with aging, i.e. immediate recall and learning, as indicators of memory 
performance, fluid intelligence and information processing speed. They reflect 
broadly the cognitive functions currently distinguished in the cognitive aging 
literature (Baltes, 1993; Lindenberger & Baltes, 1997). For comparative reasons we 
further included the Mini-Mental State Examination (MMSE) (Folstein, Folstein & 
McHugh, 1975), because of its widespread use as screening instrument for 
cognitive functioning.  
The MMSE-score involves indications of recall, orientation, registration, 
attention, language, and construction. Scale scores range from 0 to 30. Higher 
scores on the MMSE indicate better cognitive performance. At T1, Cronbachs α = 
.69, and at T3 Cronbachs α = .61. Although the alpha we observed is low for a 23- 
item scale, it is comparable to alphas found in other population-based surveys. 
Moreover, the MMSE is judged to assess the severity of cognitive impairment and 
cognitive changes satisfactorily (Tombaugh & McIntyre, 1992). 
The 15 Words Test (Saan & Deelman, 1986), derived from the Auditory 
Verbal Learning Test (Rey, 1964), was chosen for the assessment of immediate recall 
and learning. The procedure started with a verbal presentation by the interviewer of 
15 words. Immediately after the presentation, the respondent was asked to repeat 
as many words as possible. The same procedure took place three times, using the 
same 15 words, to obtain an indication of immediate recall (score on the first trial) 
and learning (average score of the three trials). Subsequently, for a duration of 
approximately 20 minutes, the respondent performed a different non-verbal task. 
After this, the respondent was asked to recall as many words as possible of the 15 
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Words Test, to obtain an indication of the delayed recall function. The respondent 
was not prepared for this last trial. For the subsequent cycles, parallel versions of 
the 15 listed words were used. The different words of the parallel versions are 
comparable with respect to the frequency of daily occurrence, number of syllables, 
the stage at which acquired during life and mental imagery. As in many tests 
involving learning (Lezak, 1995), possible practice effects were observed in the 15 
Words Test. Practice effects may have been due to the fact that respondents have 
remembered the delayed recall test, for which they were unprepared at the first 
measurement cycle. They may therefore have listened more carefully to the words 
during the third measurement, which resulted in a better overall score. For this 
reason we used only those indicators of memory performance in our study which 
showed no or only small mean improvement. The scores on the 15 Words Test 
consisted of the number of words correctly remembered per trial, resulting in a 
score range of 0 to 15 for each attempt. The scores on the immediate recall ranged 
from 0 to 12. The scores on learning ranged from 0 to 14. The bivariate correlation 
of the score on the first trial at T1 and the score on the first trial at T3 is .44. The 
bivariate correlation for the second trial is .53, and for the third trial .54. 
Raven's Coloured Progressive Matrices (Raven, Raven & Court, 1995) was 
used to measure fluid intelligence, i.e. the ability to deal with essentially new 
information. In pilot studies a high correlation was observed between the sum 
score of the total test and the sum score of tests A and B (.96). To save time in the 
interview, set Ab was not included in this study. Sets A and B each consisted of 
twelve pages, each page displaying a different pattern, from which one section was 
missing. At the bottom of each page six patterns were printed, and the respondent 
was asked to choose which of these six patterns best fitted into the missing section. 
The test-score was the number of correctly chosen patterns, and ranged from 0 to 
24. At T1 , the internal consistency calculated for ordinal variables (KR 20) is .97, 
and at T3 KR 20 = .96. 
An adaptation of the Coding Task (Savage, 1984) was used to assess 
information processing speed. The respondents were presented a sheet on which rows of 
characters were printed. They were asked to name the character that belongs 
underneath the printed characters, and to work as quickly and accurately as 
possible. The correct letter combination could be read at the top of the page. This 
was repeated in three trials of one minute each. The score for each trial of the 
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Coding Task consisted of the number of completed combinations. Scores on the 
first trial were used because of its lowest rate of non-response. 
 
 
Procedure 
To overcome problems of reversed causation and confounding variables in 
research on causality, it is recommended to use a linear structural equations 
approach, which includes reversed effects and confounding variables, as well as a 
measurement model to account for errors in the measurement (Zapf, Dormann & 
Frese, 1996). Accordingly, we applied a cross-lagged regression model (Bynner, 
1994) as in Figure 2.1 (full model) to evaluate our hypotheses. Observed variables 
are enclosed in boxes, latent variables in ellipses.  
 
Gender
x2
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x3
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Age 
x1
ζ2
y5 y6 y7y1 y2 y3
y4
η4
T3  Cognitive Function
     Figure 2.1. Cross-lagged regression model (full model). The 16 direct effects (gamma’s) of the exogenous variables Age, Gender,
Level of  Education, and Functional Ability  on the latent variables leisure activity and cognitive function at Time 1 (T1 ) and 
Time 3 (T3 ) are not shown in the figure.
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Figure 2.1 shows that we estimated cross-lagged effects (straight one-way arrows) 
from the latent variable everyday activity at T1 on cognitive performance at T3 (β41) 
and from cognitive performance at T1 on everyday activity at T3 (β32). The figure 
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further shows the lagged effects of baseline activity on activity at T3 (β31) and the 
effect of baseline cognitive performance on cognitive performance at T3 (β42). In 
accordance with MacCallum et al. (1993), we allowed for residual correlations 
(showed as curved two-way arrows) among the latent variables at T1 (ψ21) and 
among the latent variables at T3 (ψ43) to control for the effect of unknown 
confounding variables. Residual correlation, or covariance between error terms of 
latent variables often indicates the existence of an unknown confounding variable 
that causes variance in both unexplained variances of the latent variables in the 
model. Allowing for residual correlation takes into account the effect of such an 
unknown variable. The error terms of the indicators of the latent variables social 
and experiential activity were allowed to correlate over time. No correlated error 
terms for the single-indicator latent variables (all cognitive variables and 
developmental activity) were modeled. The error terms of the single indicators were 
fixed at a specific value to account for the unreliability of the measures (Hayduk, 
1987; Bollen, 1989). The fixed values were determined by multiplying the 
proportion of error variance (1- ρ) of the indicator by the variance of the indicator. 
Reliability was based on Cronbach's α (MMSE), KR20 (fluid intelligence), and test-
retest reliability (immediate recall, learning, and information processing speed). For 
developmental activity no such reliability measure was available. We therefore made 
an arbitrary decision about the amount of error variance for the indicator, based on 
the idea that attending a course not perfectly measurers cognitively demanding 
activities. We decided to fix the error-variance for attending a course at 30%, which 
seems a reasonable guess compared to other estimated error variances in the 
models. Apart from these effects, the direct effects (gammas) from the exogenous 
variables age, gender, level of education, and functional ability, on the latent 
variables (cognition and activity) at T1 and T3 were estimated (arrows not shown in 
the figure). All effects were standardized.  
The right time interval for causality to show up, however, is highly 
dependent on the characteristics of the relationships. For example, when the 
relation between cognitive functioning and everyday activity is synchronous, i.e. the 
reaction occurs almost immediately after 'exposure', than a time interval of six years 
may be too long. To investigate this possibility, we tested another type of model 
(Figure 2.2) in which the correlation of error terms between the latent variables 
everyday activity and cognition at T1 was replaced by two direct cross-sectional 
effects, all other effects being equal. 
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     Figure 2.2. Cross-sectional regression model, error correlates of the latent variables replaced by two direct cross-sectional effects 
at Time 1 (T1 ). The 16 direct effects (gammas) of the exogenous variables age, gender, level of education, and functional ability 
on the latent variables leisure activity and cognitive function at Time 1 (T1) and Time 3 (T3) are not shown in the figure.
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The cross-lagged regression models were evaluated using the LISREL8 program. 
Observations with missing values on any of the variables in one model were 
excluded, resulting in different numbers of observations across the models. Each 
combination of one cognitive function and one type of everyday activity was tested 
in a separate model, resulting in 15 (3 times 5) different models.  
The model as in Figure 2.1 was applied to all combinations of cognitive 
functions and everyday activity, varying only the two cross-lagged effects between 
the endogenous latent variables everyday activity and cognitive performance. This 
procedure was repeated for the model in Figure 2.2. Each model was estimated 
with a step-wise procedure starting with an empty model, which is the full model 
without the cross-lagged effects β41 and β32 (Figure 2.1) and cross-sectional effects 
β21 and β12 (Figure 2.2). Subsequently, when necessary to obtain a fitting model, 
both cross-lagged effects were tested separately, as well as their joint effect within 
one model. As having too many effects included in one model may result in 
capitalization on chance (over-identification) we selected the most parsimonious 
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model that still fitted the data. The significance of the betas was tested by 
inspection of the t-values and by evaluating several indicators of fit of the total 
model, based on criteria described by Jaccard and Wan (1996). When both cross-
lagged, or cross sectional effects appeared to be significant, predominance of one 
of the two effects was tested by imposing equality constraints on the betas. When 
equality constraints on the cross-lagged, or cross-sectional effects resulted in an 
unacceptable fit of the model, we concluded that the effect with the highest beta 
was predominant. 
 
 
 
Results 
In Table 2.1 the descriptive statistics of all the variables used in the analyses are 
presented. On average, decline of cognitive functioning was found for the MMSE, 
and in immediate recall, fluid intelligence and information processing speed, but 
not in learning. There was a decrease in the frequency of activities over a time 
period of six years for most of the everyday activities. However, visiting an 
association for helping older adults did not change. 
 The estimated gammas (data not presented in a Table) reflecting the effects 
of the exogenous variables on the latent variables reveal that age significantly 
affects social and developmental activity at T1 (γ = -.10, and -.20 respectively). At 
T3 all types of activity were negatively affected by age (γ = -.30 for social activity,  
-.20 for experiential activity, and -.15 for developmental activity). Cognitive 
functioning was negatively affected by age at both time points (-.22 to -.44). 
Gender was positively related to everyday activities (.06 to .18), indicating that 
women have a higher level of activity. Women have higher scores on cognitive 
functioning (.07 to .35), fluid intelligence excepted. Level of education positively 
affected experiential activity and developmental activity (.48 and .21 respectively), 
but not social activity. A higher level of education was related to higher levels of 
cognitive functioning (.26 to .40). Functional ability was positively related to all 
cognitive functions (.07 to .19), and experiential activity (.15) indicating that better 
health was related to higher levels of cognitive functioning and higher levels of 
everyday activity. Social and developmental activity were not related to functional 
ability. 
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Table 2.1   Descriptive Statistics of the Study Variables, and Test for Significant 
Difference Between Two Points in Time (n = 1,126) 
 Mean (SD)   
Variable T1 T3 t  z 
Age a 68.7 (8.3)    
Gender (% Male) a 44.6    
Level of education a 3.5 (2.0)    
Functional ability score a 8.5 (1.2)    
Cognitive functions 
        MMSE 
        Immediate recall 
        Learning 
        Fluid intelligence 
        Information processing speed 
27.5
4.6
6.0
18.2
23.1
(2.7)
(1.7)
(2.6)
(4.2)
(7.6)
26.9
4.3
6.1
16.0
21.3
 
(3.0) 
(1.9) 
(2.2) 
(6.4) 
(7.9) 
 
6.9 
5.2 
−1.6 
14.0 
10.9 
 
Social activities (% attending) 
        Attending church services  
        Visiting neighborhood association  
        Visiting organizations for helping elderly and 
        handicapped  
30.1
9.3
5.5
17.8
6.5
4.7
  
−7.2
−2.6
−.9
Experiential activities 
        Making a trip to the forest, dunes (1−7) 
        Visiting a cultural institution  (1−7) 
        Visiting a café or restaurant (1−7) 
1.7
2.5
2.2
(.9)
(1.4)
(1.4)
1.6
2.3
2.1
 
(.9) 
(1.4) 
(1.4) 
 
2.7 
5.9 
3.9 
Developmental activities (% attending) 
        Attending a course or study  13.1 6.9
  
−5.2
Notes: There is a row-wise deletion of missing variables. MMSE = Mini Mental State 
Examination. 
a Means and proportions at T1 presented for respondents still present at T3. 
 
 The bivariate correlations among all variables by type of activity are 
presented in Table 2.2 to Table 2.4. According to the first-order correlations for the 
single indicators, there is almost no association between the indicators of social 
activity and cognitive functioning. Correlations range from -.06 to .09. However, 
indicators of experiential and developmental activity correlate positively with 
cognitive functioning (at T1 .07 to .21 and .14 to .28 respectively). The next step is 
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to test whether these correlations are sustained when all the other variables 
assumed to be associated with these relations are controlled for. 
 The estimates of the lagged and cross-lagged effects, along with the 
indicators of fit of the models are presented in Table 2.5. According to the fit 
statistics, good fitting models were found. Strong lagged effects (β31 and β42) were 
observed, immediate recall and developmental activity excepted, indicating that 
activity and cognitive functioning remained fairly stable over the six years under 
study. Hypothesis 1 specified that positive cross-lagged effects are to be expected 
from everyday activities on cognitive functioning over time. With respect to this 
hypothesis, the cross-lagged effects β41 are to be considered. None of the 15 
possible cross-lagged effects of everyday activity on cognition reached the level of 
significance, suggesting that there is no cross-lagged effect of the level of everyday 
activity on cognitive functioning over a time period of six years. We could not 
confirm the first hypothesis. 
Our competing hypothesis stated that positive cross-lagged effects are to be 
expected of cognitive functioning on everyday activities, at least for activities that 
can be viewed as being cognitively demanding. With respect to this hypothesis, the 
cross-lagged effects β32 are to be considered. In one of the five models involving 
developmental activity, which is viewed as a cognitively demanding activity, a 
positive cross-lagged effect (β32 = .14) of cognitive functioning on developmental 
activity is observed. We may conclude that with respect to information processing 
speed the competing hypothesis should not be rejected. However, no evidence was 
found for other aspects of cognitive functioning. 
Hypothesis 2 specified that we expected developmental activity and social 
activity to enhance cognitive performance. However, as we observed already, no 
cross-lagged effects were present. Thus, the expected positive effects of social and 
developmental activity on cognitive functioning is clearly not supported by the 
data. Our second hypothesis could thus not be confirmed.  
 Hypothesis 3 focused on the extent to which cognitive functions are 
differently affected by everyday activities, and whether information processing 
speed was more predictive of everyday activity than other cognitive functions. It 
was expected that, of the distinguished cognitive functions, information processing 
speed would be least affected by everyday activities, and would have the largest 
effect on everyday activities. The first part of this hypothesis was already rejected, 
and we therefore focus on the last part of the hypothesis, stating that information 
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processing speed has the largest effect on everyday activities. We observed a 
positive effect (.14) of information processing speed on developmental activity, 
which is in line with our hypothesis.  
 
 
Table 2.2   Bivariate Correlations Between the Exogenous Variables, the Cognitive 
Variables, and the Indicators of Social Activity at T1 and T3 (n = 1,126) 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1. Age −        
2. Sex −.02 −       
3. Level of education −.10−.24 −      
4. Functional ability 
score 
−.25−.17 .10 −     
5. MMSE score (T1) −.21−.04 .30 .16 −     
6. Immediate recall (T1) −.25 .13 .22 .15 .26 −     
7. Learning (T1) −.30 .22 .22 .14 .32 .80 −     
8. Fluid intelligence (T1) −.28−.09 .35 .18 .42 .26 .30 −     
9. Information 
processing speed (T1) 
−.34 .00 .40 .19 .42 .30 .39 .48 −     
10. Church 
attendance(T1) 
.03−.03 −.02 .03 −.02−.04−.04−.02−.06 −     
11. Neighborhood 
association (T1) 
−.05−.06 .00 .02 −.01−.01−.02−.04 .00 .05 −     
12. Helping elderly (T1) −.11 .07 −.02 .06 .05 .05 .05 .06 .09 .20 .03 −     
13. MMSE score (T3) −.32−.01 .30 .28 .51 .32 .29 .40 .49 .00 .03 .07 −     
14. Immediate recall (T3) −.30 .11 .23 .12 .28 .41 .47 .32 .34 .05 .00 .06 .37 −     
15. Learning (T3) −.40 .19 .22 .15 .30 .47 .59 .34 .40 .05 .01 .08 .46 .86 −    
16. Fluid intelligence (T3) −.39−.08 .34 .20 .38 .27 .32 .62 .48−.08 .03 .03 .43 .29 .36 −   
17. Information 
processing speed (T3) 
−.42 .00 .39 .21 .44 .32 .41 .49 .78−.05−.01 .08 .53 .43 .51 .52 −  
18. Church 
attendance(T3) 
−.08 .05 .01 .02 .03 .03 .02 .01−.04 .56 .03 .17 .03 .11 .11 −.01 −.02 − 
19. Neighborhood 
association (T3) 
−.09−.06 −.02 .05 −.02 .01−.01−.03−.03 .05 .32 .03 .01 .02 .03 .01 .00 .09 −
20. Helping elderly (T3) −.17 .09 −.04 .04 .04 .09 .10 .07 .04 .13 .03 .29 .07 .05 .09 .06 .07 .17 .04 −
Note: MMSE=Mini Mental State Examination 
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Table 2.3   Bivariate Correlations Between the Exogenous Variables, the Cognitive 
Variables, and the Indicators of Experiential Activity at T1 and T3 (n = 1,126) 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1. Age −       
2. Sex −.02 −      
3. Level of education −.10 −.24 −     
4. Functional ability score −.25 −.17 .10 −     
5. MMSE score (T1) −.21 −.04 .30 .16 −     
6. Immediate recall (T1) −.25 .13 .22 .15 .26 −     
7. Learning (T1) −.30 .22 .22 .14 .32 .80 −     
8. Fluid intelligence (T1) −.28 −.09 .35 .18 .42 .26 .30 −     
9. Information processing 
speed (T1) 
−.34 .00 .40 .19 .42 .30 .39 .48 −     
10. Visiting cultural 
institution (T1) 
−.02 .04 .37 .09 .21 .18 .17 .20 .24 −     
11. Trip to forest, dunes, 
etc. (T1) 
−.11 −.10 .12 .15 .11 .10 .07 .12 .16 .23 −     
12. Visiting cafe or 
restaurant (T1) 
−.01 −.07 .20 .11 .09 .09 .07 .13 .15 .30 .26 −     
13. MMSE score (T3) −.32 −.04 .30 .21 .51 .32 .39 .40 .49 .18 .16 .10 −     
14. Immediate recall (T3) −.30 .11 .23 .12 .28 .41 .47 .32 .34 .19 .06 .09 .37 −    
15. Learning (T3) −.40 .19 .22 .15 .30 .47 .59 .34 .40 .18 .06 .06 .46 .86 −   
16. Fluid intelligence (T3) −.39 −.08 .34 .20 .38 .27 .32 .62 .48 .16 .14 .14 .43 .29 .36 −  
17. Information processing 
speed (T3) 
−.42 .00 .39 .21 .44 .32 .41 .49 .78 .24 .13 .15 .53 .43 .51 .52 − 
18. Visiting cultural 
institution (T3) 
−.14 .05 .35  .10 .16 .16 .17 .21 .26 .60 .17 .22 .20 .20 .21 .20 .29 −
19. Trip to forest, dunes, 
etc. (T3) 
−.19 −.10 .10 .14 .09 .08 .08 .13 .14 .22 .38 .15 .17 .11 .11 .17 .20 .30 −
20. Visiting cafe or 
restaurant (T3) 
−.12 −.05 .24 .11 .14 .11 .10 .18 .17 .26 .23 .52 .12 .12 .11 .19 .20 .26 .27 −
Note:: MMSE=Mini Mental State Examination 
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Table   2.4 Bivariate Correlations Between the Exogenous Variables, the Cognitive 
Variables, and Developmental Activity at T1 and T3 (n = 1,125) 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1. Age −     
2. Sex −.02 −     
3. Level of education −.10 −.24 −     
4. Functional ability score −.25 −.17 .10 −     
5. MMSE score (T1) −.21 −.05 .30 .16 −     
6. Immediate recall (T1) −.25 .13 .22 .15 .26 −     
7. Learning (T1) −.30 .22 .22 .14 .32 .80 −     
8. Fluid intelligence (T1) −.28 −.09 .35 .18 .42 .26 .30 −     
9. Information processing speed (T1) −.34 .00 .40 .19 .42 .30 .39 .48 −     
10. Study or educational course (T1) −.19 .08 .20 .09 .18 .18 .21 .14 .20 −     
11. MMSE score (T3) −.32 .04 .30 .21 .51 .32 .39 .40 .49 .17 −    
12. Immediate recall (T3) −.29 .11 .23 .12 .28 .41 .47 .32 .34 .16 .37 −   
13. Learning (T3) −.40 .19 .22 .15 .30 .47 .59 .34 .40 .20 .45 .86 −  
14. Fluid intelligence (T3) −.39 −.08 .34 .20 .38 .27 .32 .62 .48 .14 .43 .29 .36 − 
15. Information processing speed (T3) −.42 .00 .39 .21 .44 .32 .41 .49 .78 .21 .53 .43 .51 .52 −
16. Visiting cultural institution (T3) −.15 .04 .17 .07 .13 .08 .14 .14 .22 .30 .16 .12 .15 .15 .23 −
Note: MMSE=Mini Mental State Examination 
 
 None of our expectations were supported by the data, except for the effect 
of speed on developmental activity. One of the reasons for a lack of significant 
effects may be the length of the time lag. We therefore applied the second model 
(Figure 2.2), in which the error correlation between the latent variables everyday 
activity and cognitive function was replaced by two direct effects (β12 and β21) to 
test for a possible synchronous effect between everyday activities and cognitive 
functions. The results of the additional analyses indicates that the idea of 
synchronicity does not hold. None of the cross-sectional effects at T1 were 
significant. 
 In sum, our study could not provide evidence about a causal effect of 
everyday activities on cognitive functioning, nor the other way around. The only 
effect found ( i.e. the effect of information processing speed on developmental 
activity) is in favor of the reversed causal hypothesis, stating that respondents with 
good cognitive functioning prefer cognitively demanding activities. One of the 
reasons for these small effects compared to other studies in this field may be that 
we controlled for the effect of unknown confounding variables. Without such a  
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Table 2.5   Fit statistics and Standardized Regression Effects of the 15 Cross-lagged 
Models, Controlling for Age, Gender, Level of Education, and Functional Ability 
  Lagged   Cross-
lagged  
Cross-
sectional 
Fit Statistics 
Model Variables na β31 β42  β41 β32 β21 β12 χ2 (df) RMSEA sRMR GFI CFI
Social Activity              
      MMSE 1693 .74 .68  - - - - 58.21 (31) .02 .02 .99 .99
      Immediate recall 1186 .73 .47  - - - - 57.17 (31) .03 .03 .99 .99
      Learning 1187 .73 .74  - - - - 59.70 (31) .03 .03 .99 .99
      Fluid intelligence 1639 .76 .53  - - - - 57.17 (31) .02 .02 .99 .99
      Information 
      processing speed 
1152 .76 .82  - - - - 53.62 (31) .03 .03 .99 .99
Experiential Activity              
      MMSE 1697 .71 .67  - - - - 163.90 (31) .05 .03 .98 .97
      Immediate recall 1185 .73 .48  - - - - 142.16 (31) .05 .04 .98 .96
      Learning 1186 .73 .74  - - - - 135.62 (31) .05 .04 .98 .97
      Fluid intelligence 1644 .71 .53  - - - - 164.41 (31) .05 .03 .98 .97
      Information 
      processing speed 
1153 .72 .81  - - - - 129.02 (31) .05 .03 .98 .97
Developmental Activity              
      MMSE 1697 .40 .67  - - - - 1.83 (2) .00 .00 1.00 1.00
      Immediate recall  1185 .37 .48  - - - -  1.88 (2) .00 .01 1.00 1.00
      Learning 1186 .38 .74  - - - - 0.19 (2) .00 .00 1.00 1.00
      Fluid intelligence 1644 .41 .53  - - - - 1.54 (2) .00 .00 1.00 1.00
      Information 
      processing speed 
1153 .36 .81  - .14 - - 0.82 (1) .00 .00 1.00 1.00
Notes: MMSE = Mini Mental State Examination, df = degrees of freedom, RMSEA = Root Mean Square Error of 
Approximation, sRMR = Standardized Root Mean Square Residual, GFI = Goodness of Fit Index, CFI = 
Comparative Fit Index.  
a Differences in ns are mainly caused by the exclusion of most of the respondents borne between 1931 and 1937 at 
follow up from measures of learning, immediate recall, and information processing speed. 
 
 
control, the relation between level of activity and cognitive functioning observed in 
other studies may be the result of spurious relationships. To illustrate that these 
effects can be observed, we removed the error correlations between he latent 
variables at T1 and T3 and reanalyzed all 15 models.  
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This revealed additional significant cross-lagged effects from experiential 
activities on MMSE (.08), immediate recall (.12) and information processing speed 
(.06), and one from social activity on learning (.09). These four effects suggest that 
everyday activities enhance cognitive functioning over time. However, as these 
effects are the result of fixing the residual correlation at T1 (ψ12) and T3 (ψ34), they 
reflect spurious effects. A fifth cross-lagged effect (.06) appeared of MMSE on 
developmental activity which seems to confirm the reversed causal direction, is also 
a spurious effect. 
 
 
 
Discussion 
The present longitudinal study focused on the causal effects between everyday 
activities and cognitive performance in a large population based sample of older 
adults. We found little evidence of either of the causal effects. None of the 
activities were found to enhance cognitive functioning six years later when 
controlling for age, gender, level of education, and health, as well as for unknown 
confounding variables. Conversely, one cognitive function (i.e. information 
processing speed) appeared to affect developmental activity. Before discussing our 
findings, we address some limitations in our study design.  
 One of the problems we encountered was that attrition has been selective, 
leaving a relatively younger sample of respondents. However, because of an over-
sampling of men and older old persons at baseline, the final sample still showed 
sufficient variability in the study variables, which alleviated the biasing influence of 
attrition. Furthermore, a study period of six years may be too short to demonstrate 
substantial effects between everyday activities and cognitive functioning. However, 
increasing the study period undeniably enlarges the biasing impact of selective 
attrition of respondents. Moreover, the fact that the stability of both cognitive 
functions and everyday activities were rather high further limited the possibility to 
find substantial cross-lagged effects. Finally, only one activity supposed to be 
cognitive demanding, i.e. following a course or study, was included in the analysis. 
Although this indicator is considered as an outstanding example of a cognitive 
demanding activity, the selection of other cognitive demanding variables may have 
yielded different results. 
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 Although several studies report positive effects of an active lifestyle on 
cognitive functioning, our study did not provide evidence for this supposed 
causality. Regarding the type of cognitive function affected, our findings do not 
contradict the results reported by Gold et al. (1995) as they only found positive 
effects on crystallized intelligence, and not on indicators of fluid intelligence which 
were the only cognitive functions we selected in our study. In the study of Hultsch 
et al. (1999) positive effects of novel information processing and change in 
information processing were found on working memory, which has a fluid 
component. However, as working memory was reported to have a high loading on 
fact recall (.89), which has a crystallized component, we suggest that the positive 
findings reported by Hultsch et al. may be valid for crystallized intelligence, but not 
for fluid intelligence.  
 The positive effects of experiential activities on cognitive functions we found 
as a result of removing the error correlates between the latent variables cognition 
and activity point towards the existence of an underlying concept which causes 
spurious relations between experiential activities and maintenance of cognitive 
functioning. As this concept is not further specified, we can only speculate on its 
nature. However, the positive correlation between experiential activities and level 
of education (Table 2) makes it likely that this concept has much in common with 
SES. SES is not only related to cognitive functioning, but also to specific activities 
(Ganzeboom, 1989). The partial support for our hypothesis stating that 
respondents with good cognitive functioning engage in activities that are 
cognitively demanding is in line with this suggestion. SES is related to a variety of 
living conditions and lifestyles (Bond & Coleman, 1993), such as drinking and 
smoking behavior, and sport (Tuinstra, Groothoff, Van den Heuvel, & Post, 1998). 
It is found that higher SES decreases the risk of functional decline during later life 
(Boult, Kane, Louis, Boult & McCaffrey, 1994). Analogous to this finding, a 
cumulative effect of living conditions and lifestyles over the life course on cognitive 
decline could be exist. In sum, we suggest that not the activity in itself, but rather 
specific lifestyles and living conditions to which the types of activities engaged in 
are closely connected may in fact be responsible for the positive relation between 
specific activities and cognitive functioning. 
 The positive effect of information processing speed on developmental 
activity indicates that our study is mostly in favor of Hultsch et al. (1999), stating 
that high ability people lead intellectually active lives. Whether or not decline in 
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cognitive functions results in the limitation of activities remains an open question. 
Further research on the relation between activities and maintenance of cognitive 
functioning may benefit from a focus on different aspects of living conditions and 
lifestyles. Therefore, although Lawton’s categorization based on the meaning of the 
activity (Lawton, 1993) facilitated a selection of various types of everyday activities, 
our results indicate that a more fruitful categorization may focus on living 
conditions and lifestyle. This may shed new light on the underlying mechanisms 
related to changes of cognitive functioning in old age.  
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CHAPTER 3 
 
 
A longitudinal study on the impact of physical and 
cognitive decline on the personal network in old age 
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Abstract 
The effect of cognitive and physical decline on changes in the size and composition of four types of 
personal networks over a period of six years was investigated in a Dutch sample of 1552 older 
adults, aged 55 to 85. The effect of age and a decline in cognitive and physical functioning on the 
probability of changes in all possible network types was investigated. We applied a log-linear path 
model with latent variables, which combines latent class analysis with log-linear path analysis. 
Transitions related to age and to cognitive and physical decline were observed for about one-third of 
the study sample. Greater age was associated with an increase in the number of family members in 
the network. Physical decline was associated with a replacement of friends and neighbors by family 
members only if the network was large. In small networks, no such association occurred. Cognitive 
decline was associated with a loss of relationships, most likely friends and neighbors, which were not 
found to be replaced by family members. Physical decline appears to be associated with an increase in 
the potential number of supporters in the network; whereas, cognitive decline is associated with a 
decrease in the number of potential supporters. 
 
 
 
Introduction 
The ‘social convoy’ (Kahn & Antonucci, 1981) is a metaphor often used for the 
changing composition of an individual’s personal network. With age, some persons 
leave the network, but others may join the convoy. Widowhood (Morgan & March, 
1992), the death or poor health of network members (Antonucci & Akiyama, 
1987), or geographical relocation are typical life events that may result in the loss of 
members from the network. However, losing members does not necessarily lead to 
a breakdown of the network, as lost relationships are often replaced by new 
relationships. In the Longitudinal Aging Study Amsterdam, Van Tilburg (1998) 
found that the network size of about 70% of the adults aged between 60 and 85 
was either stable or increased over a period of four years. 
One of the key functions of the personal network is the provision of social 
support, through which the network contributes to the well-being of aging 
individuals (Mor Barak & Miller, 1991). However, not all types of network 
relationships provide support. It has often been observed that kin, especially, 
provide emotional and instrumental support (Litwak, 1985), friends tend to provide 
emotional support (Broese van Groenou & Van Tilburg, 1997), and because of 
their proximity, neighbors often provide short-term help. The support received 
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from a network is thus a function not only of the size of the network, but also of 
the type of relationships involved. Changes in the size and composition of the 
network may have important consequences for the total amount of support 
received from the network. 
Changes in network composition can be explained in terms of the proactive 
behavior of aging individuals (Carstensen,1992) and age-associated changes, such as 
diminishing physical capacity (Stoller & Pugliesi, 1988). It has been noted that, 
along with the amount of support received from the network, there tends to be an 
increase in the number of helpers in the networks of older adults in poor health. 
This has been interpreted as a mobilization of helpers (Van Tilburg, 1998). Another 
type of age-associated change in health that may affect the composition of the 
network is a change in cognitive capacity, which is often observed with aging (e.g., 
Cullum, Huppert, McGee, Dening, Ahmed, Paykel, & Brayne, 2000). However, it is 
still largely unclear whether a decline in cognitive functioning leads to a network 
change. 
The presumed mobilization of helpers suggests that individuals who are 
confronted with the loss of cognitive or physical capacities adapt their network by 
replacing members. As family relationships in general provide the majority of 
informal support for older adults, the network may increasingly consist of family 
members, such as the spouse, children, and siblings — a supposition that is 
supported by three theoretical arguments. First, according to the socioemotional 
selectivity theory (SST), aging people increasingly select relationships that provide 
more emotional support, and fewer relationships that provide only information or 
fulfill affiliation needs (Carstensen, 1992). As a consequence, the personal networks 
of older individuals increasingly consist of their children and siblings, and according 
to Carstensen, friends, because they are also likely to give emotional support. 
Second, the theory of selective optimization with compensation (SOC) 
suggests that a decline in cognitive or physical capacity forces people to select and 
optimize relationships from which the highest amount of social support can be 
expected, instead of trying to maintain all their relationships (Baltes & Carstensen, 
1996). As close relatives are more likely to provide long-term instrumental support 
than non-relatives, an increase in the proportion of close relatives in the network is 
to be expected when people suffer from cognitive and physical decline. Third, 
based upon exchange theory (Gouldner, 1960), changes in personal networks can 
be explained in terms of reciprocity, which implies that people prefer relationships 
  38
in which the exchange of support is balanced. When their physical or cognitive 
capacities are diminished, people need support; however, this decline makes it 
difficult for them to reciprocate (Dowd, 1984), and the balance of receiving and 
giving support will be affected, which may, in turn, lead to an end of the 
relationship. However, Lee, Netzer, and Coward (1995) argue that kinship 
relationships are characterized by life-course reciprocity, in which exchanges 
balance out over the lifetime. Kinship relationships are therefore less likely to end 
when the balance of support becomes distorted. 
These theories vary in the degree to which they ascribe changes in network 
composition to age or age-associated factors, such as cognitive and physical decline. 
The study reported here investigated the extent to which changes in the size and 
composition of a network occur and, controlling for the effect of age, whether 
physical and cognitive decline increases the likelihood of network change. In 
addition to changes associated with the passage of time alone, controlling for age 
makes it possible to determine the effects of physical and cognitive decline on the 
personal network. 
The data were derived from a large population-based sample of adults aged 
between 55 and 85 at baseline and followed over six years. We hypothesize that 
apart from age, a decline in cognitive and physical capacities will result in neighbors 
being replaced with family members and friends in the individual’s social network. 
Consequently, the proportion of family and friends in the network will increase 
(hypothesis 1). Meanwhile, due to the mobilization of helpers, we do not expect 
cognitive and physical decline to result in a reduction in the size of the network 
(hypothesis 2). 
 
 
 
Methods 
Sample 
Data were drawn from the Longitudinal Aging Study Amsterdam (LASA), which is 
an ongoing longitudinal, multidisciplinary research project focusing on autonomy 
and well-being in the aging population (Deeg, Knipscheer, & Van Tilburg, 1993). 
The LASA sample is stratified by birth year and sex, and there is an over-sampling 
of older and male subjects. Initially recruited for the study ‘Living Arrangements 
and Social Networks of Older Adults’ (LSN) (Knipscheer, de Jong Gierveld, Van 
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Tilburg, & Dykstra, 1995), the sample of 3,805 individuals was drawn from the 
population registers of 11 municipalities in three culturally distinct geographical 
areas in the Netherlands. In the first LASA cycle (T1, 1992/1993), 3,107 persons 
aged 55 to 85 participated; 698 of the original LSN respondents were not included 
because of death (126, 18%) or inability to participate because of severe physical 
and/or mental health problems (134, 19%). An additional 394 (56%) refused to be 
re-interviewed and 44 (6%) could not be contacted. Data from the second cycle 
(T2) were not included in this study. The third LASA cycle (T3) was conducted in 
1998/1999. Total attrition between T1 and T3 was 1031 individuals, due to 
mortality (761, 74%), refusal (160, 13%), frailty (81, 8%), and inability to be 
contacted (29, 3%). The exclusion of respondents with missing data on any of the 
study variables further reduced the sample to 1,552 respondents (50% of the T1 
sample). 
Attrition was associated with lower cognitive performance, i.e., two points 
lower on the 30-point Mini Mental State Examination (MMSE) scale (Folstein, 
Folstein, & McHugh, 1975), great age (respondents were six years older), number 
of chronic diseases ( .4 more chronic diseases), smaller network (2.2 persons 
smaller), and higher proportion of family members in the network (all significant at 
p < .05). However, there was still a large proportion (48%) of respondents with two 
or more chronic diseases or with a low score on the MMSE (3% with a score below 
20 and 15% between 20 and 25), suggesting that there was sufficient heterogeneity 
of physical and cognitive functioning in the study sample. Furthermore, the types 
of networks among respondents who were lost to follow-up were no different 
from the networks of those who remained in the study. A latent class analysis on 
the respondents lost to follow-up revealed that 32% of the respondents had a Type 
I network, 18% a Type II, 22% a Type III, and 28% a Type IV network at T1. For 
respondents not lost to follow-up, the distribution of network types at T1 was 30%, 
18%, 22%, and 31%, respectively (see Procedure for a description of the network 
types; see Table 3.3 for the distribution of network types). This suggested that 
attrition would not have a significant impact on the generalizability of the study 
results. 
 At both T1 and T3, data on the LASA participants were collected by means 
of two face-to-face interviews and one self-administered questionnaire. The same 
instruments were used both times. 
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Measurements 
In order to obtain adequate information on the networks of older adults, we looked 
for detailed information about their relationships, with network members identified 
by name. The objective was to identify a network that reflected the socially active 
relationships of the older adult in the core, as well as the periphery, of the network. 
Several criteria were used in selecting who was to be included in the network. First, 
the composition of the network had to be as varied as possible, meaning that all 
types of relationships had the same chance of being included. This led to a domain-
specific approach in identifying the network, using seven formal types of 
relationships (see below). 
 A second objective was to include all the network members with whom the 
respondent had regular contact and with whom the contact was important. This 
guaranteed that socially active and important relationships would be identified. 
Network members were identified in seven domains: household members 
(including the spouse, if there was one), children and their partners, other relatives, 
neighbors, colleagues from work (including volunteer work) or school, members of 
organizations (e.g., social clubs, church, political parties), and others (i.e., friends 
and acquaintances). Respondents were asked the following question: "Name the 
people (e.g., in your neighborhood) you have frequent contact with and who are 
also important to you." Only people above the age of 18 could be nominated. A 
limit of 80 was set on the number of persons, but no one reached this limit. 
Information on sex , frequency of contact, and type of relationship (categorized as 
relative, neighbor, friend, and other non-relative) was gathered on all the network 
members identified. For a subset of network members (the 10 with the highest 
frequency of contact), a question was asked about the time it took them to travel to 
reach the respondent (Van Tilburg, 1995). 
Physical functioning was assessed using a physical performance index 
(Kriegsman, Deeg, Van Eijk, Penninx & Boeke, 1997), based on the ability to 
perform three activities: going up and down a staircase with 15 steps without 
having to stop, using own or public transportation, and cutting one’s own toenails. 
Respondents are asked to indicate whether they have difficulty performing the 
activity, whether they need help, or whether they are able to perform the activity at 
all. Responses can range from 0 (not able to carry out the activity) to 3 (no 
difficulties), and the sum of the three items, ranging from 0 to 9, serves as an index 
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of physical functioning, with higher scores indicating better physical functioning. 
This index provides a reliable measure of physical functioning (Cronbach's α = .78 
at T1 and T3). 
Cognitive functioning is assessed with the MMSE (Folstein et al., 1975), which 
involves recall, orientation, registration, attention, language, and construction. 
Scores range from 0 to 30, with higher scores indicating better cognitive 
performance. At T1, Cronbach's α = .69, and at T3 α = .61, which is low for a 23-
item scale; however, it is comparable to the α found in other population-based 
surveys. Moreover, Tombaugh and McIntyre (1992) have determined that the 
severity of cognitive impairment and cognitive change can be satisfactorily assessed 
with the MMSE. 
 
 
Procedure 
We used log-linear modeling with latent variables. This type of modeling, also 
referred to as Latent Transitional Modeling (Collins & Wugalter, 1992; Muthén & 
Muthén, 2000), enabled us to make simultaneous estimations of the network type 
that people have (based on differences in size and composition) and the likelihood 
of an individual making a change from one type to another, conditional on age and 
on physical and cognitive decline. This method combines latent class analysis with 
log-linear path analysis and is comparable to structural equations modeling (Collins 
& Wugalter, 1992; Hagenaars, 1993) where all the variables, including the latent 
variables, are categorical. The model was estimated using LEM (Vermunt, 1997a). 
There are two important reasons for using this type of modeling in 
preference to the better-known methods of turnover tables or a series of regression 
analysis. Turnover tables based on observed data showing transitions between 
discrete states may lead to an overestimation of change due to measurement error. 
Even small amounts of measurement error can attenuate the associations between 
the variables and lead to spurious observed transitions and overestimation of the 
amount of gross changes (Bassi, Hagenaars, Croon, & Vermunt, 2000). The log-
linear model with categorical latent variables used in our analysis corrects for this. 
Furthermore, regression analysis or the use of a sum score “does not fully utilize all 
available information such as the potential correlation among various indicators. 
Also, combining scores inherently assume that indicators are exchangeable which 
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can cause difficulties particularly when indicators have opposite effects” 
(Reboussin, Reboussin, Liang, & Anthony, 1998, p. 458). 
 
 
Log-linear analysis with categorical latent variables 
To facilitate interpretation of the results, we will explain the basic aspects of the 
model. For a more detailed explanation of log-linear analysis with categorical latent 
variables, the reader is referred to Hagenaars (1993); for a more detailed 
explanation of latent class analysis, see McCutcheon (1987). A more detailed 
explanation of logit modeling can be found in DeMaris (1992). 
The log-linear model with latent variables involves a measurement model and a 
structural model. The measurement model is a latent class analysis, used here to specify 
types of networks. Two types of parameters are essential in the measurement model: 
latent class probabilities and conditional probabilities. The latent class probabilities 
reflect the proportion of individuals in our total sample who had a specific network 
type. The conditional probabilities provide information on how to characterize the 
specific network types (McCutcheon, 1987). To illustrate how conditional 
probabilities should be interpreted, see Table 3.2. We looked at four kinds of 
networks, and for each type, a different set of conditional probabilities was 
estimated. 
The majority of the respondents in Type I networks (73%) had a large 
network (> 14 members). Some (27%) had a medium-sized network but no one 
(0%) had a small network. Furthermore, people in Type I networks had less than the 
average proportion of relationships involving relatives (the average was 60%), 74% 
had at least one friend, and most (62%) had more then the average proportion of 
neighbors (the average was 11%). Type I is thus characterized by a large network, 
consisting of fewer relationships with relatives than average and more friends and 
neighbors than average. 
 The structural model is a set of logit equations specifying relationships between 
the network types and age, physical status, and cognitive decline. More specifically, 
the probability of making a change from one type of network to another is estimated. 
LEM also estimates conditional probabilities, meaning that the probability of 
changing from one network type to another is estimated separately for respondents 
in combinations of different conditions, i.e., age category and the existence of 
cognitive or physical decline. Probability (p) is judged to deviate significantly from 
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zero when the probability divided by its standard error is larger than 1.96 (DeMaris, 
1992). 
 All types of probabilities are estimated simultaneously, applying the EM 
algorithm (Dempster, Laird, & Rubin, 1977). To find a unique solution, the number 
of parameters to be estimated should not exceed the number of information units 
(i.e., the number of cells in the observed contingency table minus one). The number 
of parameters to be estimated is further restricted in the sense that too many 
categories in the variables make it difficult to interpret the results. For this reason, we 
have dichotomized all the variables used as network indicators around the mean 
proportion (except for network size, which has three categories). The three 
categories of network size were based on two considerations. First we split network 
size around the median value into a group with more than 14 members and a group 
with 14 or fewer members. Next we split the group with 14 or fewer members into 
two groups to further distinguish between small networks (fewer than six members) 
and medium-sized networks (between six and 14 members) (Broese van Groenou & 
Van Tilburg, 1996). 
 With respect to friends, 53% of the respondents did not identify any; they 
were separated from those who identified one or more friends. The proportion of 
relationships with relatives was calculated as the number of kin relationships divided 
by the total network size. The same was done for proportion of neighbors. Age was 
categorized into two groups: young-old (between 55 and 70 at T1) and older-old 
adults (between 71 and 85 at T1). Scores for cognitive and physical functioning 
were compared for T1 and T3 and categorized as decline and no decline. Changes 
between T1 and T3 were calculated using the Edwards-Nunnally difference score, 
which takes into account the unreliability of the measurement as well as regression 
to the mean (Speer & Greenbaum, 1995). Respondents with missing data for any of 
the variables were excluded from the analysis. 
 In accordance with Collins and Wugalter (1992), Reboussin et al. (1998), and 
Vermunt (1997b), the 'factor loading' of the indicators at T3 was set equal to the 
loading at T1 (i.e., time-homogeneous). It is common in longitudinal latent-variable 
models to constrain the parameters to be time-invariant; the most meaningful 
models are those that constrain the factor loading to be equal across occasions 
(Collins & Wugalter, 1992). 
 The estimation of the parameters was done in a stepwise procedure. The 
first step was to decide on the number of different networks to be identified. 
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Increasing the number of latent classes usually improves the fit of the model; 
however, having too many latent classes increases the risk of very sparse tables, 
which can lead to poor parameter estimation and interpretation. Goodman (1974) 
suggests that in estimating the number of latent classes (i.e., the number of network 
types in our study), an upper limit has to be placed on the number of classes and 
then the corresponding class sizes are estimated. If any estimated class size is not 
significantly larger than zero, the number of classes can be reduced until all classes 
differ from zero. The theoretically based upper limit used in our study comes from 
Wenger (1992), who distinguished five different types of support networks, which 
provided a reasonable starting point for our analysis. 
 The second step was to include the structural part of the model, in which the 
relationships between the latent variables and the external variables (age, physical 
decline, and cognitive decline) were specified. We started the estimation procedure 
with the full saturated model, including all possible (higher-order) interaction 
effects, and excluding all non-significant effects one by one until a just identified 
model remained. 
 
 
Indicators of types of networks 
Wenger’s (1992) network-support typology served as a model for the indicators of 
network types in our study. However, the traveling time used by Wenger did not 
discriminate among our network types; i.e., traveling time appeared to be equally 
loaded on all latent categories. Consequently, we removed traveling time from the 
model, which resulted in a selection of four indicators of personal network: size of 
network and proportion of kin relations, friends, and neighbors. The proportion of 
other non-relatives was omitted because it is linearly dependent on the other three 
proportions. 
 
 
 
Results 
About two-thirds of the sample were aged between 55 and 70 at T1. Cognitive 
decline alone was observed for 319 (21%) of the respondents between T1 and T3, 
and physical decline alone, for 304 (20%). Both cognitive and physical decline were 
observed in 101 (7%) of the respondents (Table 3.1). On average, the total size of 
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the network did not change; however, the number of family members increased 
(mean difference .42, p<.01), the number of friends decreased (mean difference -
0.44, p<.01), and the number of neighbors remained stable (mean difference -0.01, 
p=.78). 
 The four types of network provided an adequate and parsimonious 
description of the data (time-homogeneous measurement model: L2 = 870, df=540, 
estimated expected proportion of classification error [E] = .18, reduction in the 
proportion of classification errors if the model is used [λ] = .76, 2 empty latent 
groups). A model with five types of network (with 52 = 25 possible transitions) 
resulted in 11 empty latent groups. A model with three types of network reduced 
the latent dimension by 7 (42 - 32), which exceeded the number of empty groups in 
a four latent-category variable. We therefore specified four types of network. 
Constraining the model to be time-homogeneous deteriorated the fit of the model 
at the α= .05 level, but not at the α =.01 level (log-likelihood ratio L2 = 34.5, 
df=20, p=.02). 
 The first full model we tested was the saturated model, which included all 
higher-order effects of age and of cognitive and physical decline (full model: L2 = 
2612, df=4554). We subsequently removed non-significant effects. The three-way 
interaction effect of age, physical decline, and cognitive decline could be removed 
without deteriorating the fit of the model (L2 ratio= 13.1, df=13, p= .44). After that, 
all two-way interactions of age and of physical and cognitive decline were removed, 
without any adverse effect (L2 ratio= 61.9, df=76, p=.89). None of the direct effects 
of age or physical and cognitive decline on the probability of a change of network 
type from T1 to T3 could be removed without deteriorating the fit (α=.05) of the 
model (removing the effect of age: L2 ratio= 22, df=3, p <.01; removing physical 
decline L2 ratio= 8.6, df=3, p= .04; removing the effect of cognitive decline: L2 
ratio= 24.0, df=3, p<.01). This indicated significant main effects of age and of 
physical and cognitive decline on the transition from a T1-type network to a T3-type 
network. The model we used in the analysis is presented in Figure 3.1. This model fit 
the data well (L2 = 2640, df=4465, p= 1.00, E= .20, λ= .75 ). 
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Table 3.1 Characteristics of the sample at T1 and T3 (n=1,552) 
 T1  T3 
 N M  SD  %  N M  SD %
Age at T1       
 Between 50 and 70 years old 975 63      
 Between 71 and 85 years old 577 37      
MMSE (range 1-30) 27.75 1.93   27.17  2.82 
Physical performance (range 0-9) 8.62 1.04   8.17  1.61 
Age by physical and cognitive functioning   
55-70, no physical decline, no cognitive decline  775 50
55-70, no physical decline, cognitive decline  104 7
55-70, physical decline, no cognitive decline  77 5
55-70, physical decline, cognitive decline  19 1
71-85, no physical decline, no cognitive decline  255 16
71-85, no physical decline, cognitive decline  114 7
71-85, physical decline, no cognitive decline  126 8
71-85, physical decline, cognitive decline  82 5
Network size (range 1-75) 14.8 8.5   14.8 9.0
1-5 members 202  13   244  16 
6-14 members 655  42   646  41 
> 14 members 695  45   662  43 
Number of kin relations (range 0-39) 8.5 5.4   8.9 6.0
Proportion of kin relations    
< 60% 792  51   747  48 
≥ 60% 760  49   805  52 
Number of friends (range 0-20) 1.7 2.6   1.3 2.3
0 765 49  892 58
≥ 1 787 51  660 42
Number of neighbors (range 0-14) 1.7 1.9   1.7 2.1
Proportion neighbors   
< 11 % 751 48  774 50
≥ 11 % 801 52  778 50
Number of other non-kin (range 0-37) 2.9 3.1   2.9 3.2
 
 
  47
 
Network characterization 
Based on the conditional probabilities, we can characterize the network types 
(Table 3.2). The conditional probabilities within one indicator sum up to 1.00. Type 
I is characterized by a large network: 72% of the respondents within this type have 
more than 14 network members. All have a lower-than-average proportion of kin 
relationships (100%), 74% have at least one friend, and 62% have more than the 
average number of neighbors in their network. A small- to medium-sized network 
is characteristic of Type II. Adults with this type of network have fewer than the 
average number of family members in their network, half of them have no friends, 
and about half of them (46%) have fewer than the average number of relationships 
with neighbors. Type III is also characterized by a small- to medium-sized network, 
but in contrast to Type II, the network consists of more family members than 
average, and most Type II respondents have no friends and few neighbors. 
Decline in 
fysical functioning
Age
Network
T1
Network
T3
     Figure 3.1 Full model with external variables age, cognitive decline and fysical decline. Indicator variables network size (Size), 
proprtion kin  (% Kin), Friends, and proprtion neighbors (% Neighbors) are shown in square boxes, latent variables Network at 
Time 1 (T1) and Network at Time 3 (T3) are enclosed by elipses
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Type IV is similar to Type I in size, but in contrast to Type I, the network 
predominantly consists of kin relations. As stated above, other non-family 
relationships were omitted from the analysis because of their linear dependency on 
the other network indicators. However, because it might be of interest to know 
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how the other relationships were distributed among the different types of 
networks, we performed an additional analysis on the average number of other 
relationships in the network. It appeared that on average, 5.0 other members were 
included in a Type I network (SD=4.39) and there were 2.0 in a Type II network 
(SD=1.97). In a Type III network, there was an average of .4 other members 
(SD=.78) and in a Type IV network, there were 1.9 (SD=2.19). 
 
Table 3.2 Conditional probabilities for the four network types at T1 
  Network Types 
Manifest Variables Type I Type II Type III Type IV 
Network Size 1-5 .00 .31  .45 .00
 6-14 .27 .67  .46 .39
 >14 .73 .02  .09 .61
% Kin Relations < 60% 1.00 .87  .07 .04
 ≥ 60% .00 .13  .93 .96
Number of friends  0 .26 .57  .93 .53
 ≥ 1 .74 .43  .07 .47
% Neighbors < 11% .38 .46  .79 .68
 ≥ 11% .62 .54  .21 .32
Note: The model is assumed to be time-homogeneous, which means that conditional probabilities are the same at T3. 
 
 The latent class probabilities provide information about the frequency of 
specific network types (Table 3.3). At T1, 32% of the respondents have a Type I 
network, 20% a Type II network, 16% a Type III network, and consequently 32% a 
Type IV network. At T3, the number of respondents with a Type I , Type II, or Type 
IV network decreased ( nˆ  = 33.22, 32.43, and 28.56, respectively), and the number 
with a Type III network increased ( nˆ = 94.21). 
The proportion of respondents who had the same kind of network at T1 and 
at T3 are presented in the diagonal cells. The sum of these proportions ( .70) 
indicates a great deal of stability in types of relationships over the six years of 
investigation (although not necessarily with the same persons). Stability varied 
across the T1 network types (χ2 (3)= 13.8, p < .01), but the most stable was Type III, 
where it was estimated that 196.2 (78%) of the 250.8 respondents continued in this 
network type. Less stable were Type I (71%), and Type IV (67%). Type II was the 
least stable (62%). 
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Table 3.3 Cross-tabulation of latent class probabilities at T1 and T3 (n = 1,552) 
  T3 (1998-1999)  
  Type I  Type II Type III Type IV  Total 
Type I  .23 (350.0)  .01 (14.9)  .00 (3.6)  .08 (124.5)   .32 (492.9)
Type II  .01 (9.2)  .12 (190.7)  .06 (98.4)  .01 (7.8)   .20 (306.1)
Type III  .01 (10.4)  .03 (39.1)  .13 (196.2)  .00 (5.1)   .16 (250.8)
T 1
(1
99
2-
19
93
) 
Type IV  .06 (90.2)  .02 (28.9)  .03 (46.9)  .22 (336.6)   .32 (502.5)
 Total   .30 (459.7)  .18 (273.6)  .22 (345.0)  .31 (474.0)  1.00 (1552.3)
Note: Estimated absolute numbers are shown in parentheses. 
 
 Let us now consider the conditional probabilities of making a transition from 
one type of network to another, and the extent to which the likelihood of making a 
transition is associated with age or with physical or cognitive decline. First, we will 
discuss differences in network stability, then differences in the likelihood of changing 
to another kind of network, based on age and on physical and cognitive decline. 
 
 
External effects on network stability 
Only significant transitional probabilities are presented in Table 3.4. The first row 
presents the likelihood of a transition from Type I at T1 to one of the four network 
types at T3 for young-old adults who experienced no decline in physical or cognitive 
functioning during that time. All probabilities within one row sum up to 1.00 and can 
be compared to the probabilities in the other seven categories. It can be derived that 
both greater age, a decline in physical functioning, and a decline in cognitive 
functioning contribute to a decrease in the stability of the Type I network. For 
example, young-old adults with no decline in cognitive and physical functioning (first 
row) have a probability of .79 to stay in a Type I network. For young-old adults who 
experienced a decline in cognitive functioning, the likelihood of staying in Type I 
network decreases by .07. Where there has been physical decline, the decrease in 
likelihood is .12. The joint effect of cognitive and physical decline is equal to the sum 
of the effects of cognitive and physical decline alone (.19), suggesting that the effects 
of physical and cognitive decline on the probability of a change in one’s network are 
additive. 
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 An increase in age reduces the likelihood of maintaining a Type I network, so 
older-old adults are less likely than young-old adults to maintain a Type I network 
(decrease in likelihood with .14), even when they have experienced no decline in 
cognitive and physical functioning. In sum, young-old adults with no decline in 
cognitive and physical capacity are twice (.79/.39 = 2) as likely to have a Type I 
network at T1 and T3. The stability of Type II networks is lower when there has been 
cognitive (- .17) and physical (- .05) decline, but it is almost completely unrelated to 
age (- .02). Type III networks are very stable both at higher ages and when cognitive 
and physical functioning decrease. Cognitive decline enhances the stability of the 
Type III network among young-old adults by .20, whereas physical decline has only a 
small effect (.04) on stability. Type IV networks are most stable among young-old 
adults who have experienced a decline in physical functioning (.81). The difference in 
stability between young-old and older-old adults is not very large in Type IV 
networks (.07), indicating a minimal age effect on network stability. Cognitive 
decline, on the other hand, reduces the stability of the Type IV network for older-old 
adults by .25. In contrast, physical decline enhances network stability by .10. 
 
 
Transitions between T1-type networks and T3-type networks 
There are 12 possible transitions from one type of network at T1 to another at T3. Six 
of these are frequently observed: Type I to Type IV ( nˆ =124.5), Type II to Type III 
( nˆ =98.4), Type II to Type IV ( nˆ =49.4), Type III to Type II ( nˆ =39.1) Type IV to 
Type I ( nˆ =90.2), and Type IV to Type III ( nˆ =46.9).  
 
1. In changing from Type I to Type IV, friends and neighbors within a large 
network are replaced by family members. Greater age increases the likelihood 
of this happening (.08), cognitive decline increases the likelihood by .05 for 
young-old adults and .02 for older-old adults. Physical decline increases the 
likelihood by .12 for young-old adults and .13 for older-old adults. 
2. A transition from Type II to Type III reflects a loss of network members -- 
friends and neighbors. Cognitive decline and greater age increase the 
likelihood of a change from a Type II to Type III network; cognitive decline 
by a factor of .25 and increased age by .07. This transition is associated least 
with physical decline (.05). In other words, adults with a small- to medium-
sized network are likely to lose friends and neighbors if they experience a 
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decline in cognitive functioning. Size seems to decrease as well -- lost 
relationships are not likely to be replaced. 
3. A transition from Type III to Type II , suggesting an increase of friends and 
neighbors in the network, was not observed when there was a decline in 
cognition Physical decline and greater age show only small effects (- .03 and - 
.01, respectively) on this sort of transition. 
4. Young-old adults who have experienced no physical or cognitive decline have 
a greater likelihood of changing from a Type IV to a Type I network, 
reflecting an increase of friends and neighbors. Greater age reduces this 
likelihood by .12. The likelihood of making this change is reduced in the 
presence of physical decline by a factor of .09 for young-old adults and .05 for 
older-old adults. Cognitive decline reduces the likelihood by .07 for both 
young-old adults and older-old adults. In other words, older-old adults with a 
large network are unlikely to add new friends or neighbors to their network 
under any circumstances. 
5. A change from Type IV to Type II implies an increase in the number of 
neighbors in one’s network but a net loss in the total number of relationships, 
mainly due to the loss of family members. This type of transition is observed 
only among older-old adults and is increased by .03 in the case of cognitive 
decline. Physical decline, in contrast, decreases the probability of this kind of 
transition (-.03). However, these effects are rather small and this type of 
transition is not often observed. 
6. In a transition from a Type IV to Type III network, there is a net loss of 
members, due the loss of friends and neighbors. As seen in the transition of 
Type IV to Type II networks, this transition is observed only among older-old 
adults. Older-old adults with a large network are most likely to lose friends 
and neighbors when there is a decline in cognitive functioning, which results 
in a decrease of the network size. Physical decline, on the other hand, does 
not increase the probability of losing friends or neighbors. 
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Table 3.4   Transitional probabilities among the four types of networks between 
T1 and T3, by age and changes in physical and cognitive functioning 
    T3 
Type 
T1 
Age Physical 
Functioning 
Cognitive 
Functioning 
Type I 
 
Type II 
 
Type III 
 
Type IV 
 
I 55-75 No decline No decline  .79  ( .04) - -   .20  ( .04)
   Decline  .72  ( .06) - -   .25  ( .06)
  Decline No decline  .67  ( .07) - -   .32  ( .07)
   Decline  .59  ( .09) - -   .38  ( .09)
 75-85 No decline No decline  .65  ( .06) - -   .28  ( .05)
   Decline  .51  ( .09) - -   .30  ( .08)
  Decline No decline  .52  ( .08) - -   .41  ( .07)
   Decline  .39  ( .09) - -   .43  ( .11)
II 55-75 No decline No decline -  .68  ( .08)  .22  ( .06) - 
   Decline -  .50  ( .10)  .47  ( .10) - 
  Decline No decline -  .63  ( .09)  .27  ( .08) - 
   Decline -  .44  ( .11)  .52  ( .12) - 
 75-85 No decline No decline -  .69  ( .08)  .30  ( .07) - 
   Decline -  .45  ( .09)  .54  ( .09) - 
  Decline No decline -  .64  ( .09)  .35  ( .08) - 
   Decline -  .39  ( .10)  .60  ( .10) - 
III 55-75 No decline No decline -  .19  ( .06)  .69  ( .08) - 
   Decline - -  .89  ( .05) - 
  Decline No decline -  .16  ( .07)  .73  ( .10) - 
   Decline - -  .91  ( .05) - 
 75-85 No decline No decline -  .18  ( .07)  .81  ( .07) - 
   Decline - -  .93  ( .04) - 
  Decline No decline -  .14  ( .07)  .84  ( .07) - 
   Decline - -  .94  ( .04) - 
IV 55-75 No decline No decline  .25  ( .05) - -   .71  ( .05)
   Decline  .18  ( .06) - -   .69  ( .08)
  Decline No decline  .16  ( .05) - -   .81  ( .06)
   Decline  .11  ( .05) - -   .78  ( .09)
 75-85 No decline No decline  .13  ( .05)  .11  ( .04)  .11  ( .05)  .64  ( .07)
   Decline -  .15  ( .06)  .40  ( .10)  .39  ( .09)
  Decline No decline  .08  ( .04)  .08  ( .04)  .10  ( .05)  .73  ( .07)
   Decline -  .11  ( .05)  .38  ( .10)  .47  ( .11)
 
 
Hypotheses 
In stating hypothesis 1, we said that, based partly on the size of the network, greater 
age, and a decline in cognitive and physical capacity, would increase the probability 
of neighbors being replaced by relatives and friends in an individual’s network. 
What we found was that people with a large network tend to replace neighbors 
with family members in cases of physical decline; however, this does not occur if 
the network is small. Greater age is associated with the replacement of non-
relatives by family members when the network is large, but in smaller networks, no 
such association exists. Cognitive decline, however, leads to the replacement of 
neighbors and friends with family only when the network is small. Contrary to our 
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expectations, a decline in physical and cognitive functioning is also associated with 
a decline in the proportion of friends in the network. 
 With respect to the second hypothesis, which stated that cognitive and 
physical decline would mobilize helpers and would therefore not result in a decline 
in the size of the network, we found that physical decline only leads to the 
mobilization of helpers when the network is large, and cognitive decline only leads 
to the mobilization of helpers when the network is small. Therefore, the second 
hypothesis is partly confirmed by our results. 
 
 
 
Discussion 
We studied the effects of age and of cognitive and physical decline on network size 
and composition in a sample of older Dutch adults over a six-year period. Cognitive 
decline was observed for about 21% of the adults, 20% experienced physical decline, 
and about 7% of the total sample suffered from both cognitive and physical decline. 
 We hypothesized that because of age and cognitive and physical decline, an 
individual’s personal network would increasingly consist of family members 
(hypothesis 1) and that replacements of friends and neighbors in the network by 
family members would not affect the size of the network (hypothesis 2). Four 
network types were distinguished, based upon differences in size and composition. 
Over time, transitions from one network type to another were observed for 31% of 
the study sample. What we found was that adults with a large network replace 
neighbors and friends with family members in cases of physical decline, but not 
when the network is small. Greater age is associated with replacement of neighbors 
and friends with family when the network is large, but not when the network is 
small. However, cognitive decline is associated with the replacement of neighbors 
and friends with family only when the network is small. Contrary to our 
expectations, a decline in physical and cognitive functioning is also associated with 
a decline in the proportion of friends. We further observed that physical decline 
only leads to a mobilization of helpers when the network is large, and that cognitive 
decline only leads to a mobilization of helpers when the network is small. 
 Our findings that the personal network increasingly consists of kin support 
the prediction based on Socioemotional Selectivity Theory (Carstensen, 1992). 
However, our study did not provide evidence for an increasing number of friends 
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(rather than neighbors), which is also predicted by SST. This finding could be 
explained by the fact that we did not distinguish between close friends and other 
kinds of acquaintances. According to the process of Selective Optimization with 
Compensation (Baltes & Carstensen, 1996), individuals who face a decline in physical 
or cognitive capacity actively adapt their personal network to meet their increasing 
need for support. We observed that indeed, in large networks, physical decline is 
related to the replacement of neighbors and friends with family members, suggesting 
an increase in the number of potential long-term helpers. Cognitive decline, too, is 
related to the replacement of neighbors and friends with family members but only in 
small networks. Apart from the influence of the size of the network, our results 
seem to be in line with the theory. As kin relationships are most likely to provide 
long-term support (Litwak, 1985), an increase in the support received is to be 
expected. However, we did not include measures of support as indicators of 
network type, so this can not be proved in the present study. 
 Two findings are still unexplained. First, it appeared that contrary to those 
with a large network, individuals who had a small network at baseline and who 
suffered from physical decline did not have an increased likelihood of replacing 
friends and neighbors with family members. Assuming that all individuals try to 
maximize support when their need for care increases, the size of the network also 
seems to be a determinant of the amount of support exchanged. Members of a small 
network appear to be more willing to supply support than members in a large 
network. This is supported by Coleman (1990), who suggests that members of a 
small network are inclined to give support, even when the balance of receiving and 
providing is affected, whereas members of a large network are inclined to minimize 
their investments in relationships and maximize the profits. This ‘profiting’ behavior, 
also called free-rider activity, is less likely in small groups. Coleman suggests that 
close networks, in which persons are mutually related to each other, facilitate the 
creation of norms and sanctioning systems, which can overcome free-rider activity 
and transform it into zeal, with the result that people are willing to contribute to the 
well-being of the members of their network. 
 Another finding that does not follow directly from the theory is that older-
old adults (those aged between 71 and 85 at the beginning of the study) who faced 
a decline in cognition lost kin relationships from the network. It seems that even 
within the family, a relationship in which one person becomes cognitively impaired 
is more difficult to maintain than a relationship in which one becomes physically 
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impaired. Further research into the flow of support in unbalanced relationships is 
needed to address this problem. As yet, we are unable to decide to what extent 
compositional changes can be attributed to the focal person of the network, or to 
its members. To say anything more about this, one must consider the motives, 
decisions, and behavior of nearly all the members of the network, but no 
information of this sort has been collected in LASA. 
 In the present study, no attempt was made to include other factors that 
might be related to the transitional probabilities between the types of networks. For 
example, we did not consider the effect of gender. Men and women may differ in 
duration of relationships, or in their preference for specific relationship types. 
However, inclusion of more factors in the model would increase the complexity of 
the outcomes, as each dichotomous predictor variable doubles the number of 
parameters to be estimated. 
 The log-linear path model with latent variables appears to have been 
appropriate for studying the effects of cognitive and physical decline on the 
composition of the network. This type of modeling enabled us to focus on types of 
networks rather than considering network characteristics separately. Furthermore, 
the inclusion of external variables allowed us to make judgments about the 
influence of age and of physical and cognitive decline on changes in the 
composition of the network. However, there are also some disadvantages. First, 
although not indicated by the fit of the model, the idea that all types of networks 
can be reduced to only four may stretch the truth. Also, dichotomizing the network 
characteristics masked the variability in our data set. 
 In summary, our study revealed some interesting findings. First, an increase 
in the proportion of family relationships in the network over time is not only a 
consequence of age, but also of cognitive and physical functioning. Second, it 
appears that changes in the network are a function of the size of the network as 
well as an individual’s age and cognitive or physical capacity. This suggests that 
those who want to study potential predictors of network change should also 
consider the size of the network. Next, in contrast to SST (Carstensen, 1992), we 
found that friends are unlikely to stay in the network of an individual of greater age 
who is also experiencing cognitive decline. Last but not least, we observed that 
physical decline acts to mobilize helpers, whereas cognitive decline is related to loss 
of friends and neighbors, and also to loss of family members when the network is 
large. Whether this loss of network members may be interpreted as a 
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demobilization of helpers depends on the quality of the remaining relationships. 
Further research is needed to address this issue. 
 To conclude, the findings of our study suggest that cognitive functioning is 
an important condition for social integration and thus for the well-being of older 
individuals. A decline in cognitive functioning may disrupt the balance of support 
received and provided, resulting in the end of the relationship. A decline in 
cognitive functioning thus leads to the loss of potential sources of support, and 
older adults are thrown more and more on their own family for support. Given the 
decrease in birthrate and the fact that informal care is provided mostly by daughters 
(Broese van Groenou & Knipscheer, 1999), and given the increasing participation 
of women in the workforce, there may not be sufficient informal care for older 
adults suffering from cognitive decline in the future. If support from children or 
family members is not complemented by other members of the network, older 
adults will become more and more dependent upon formal care, and it is not clear 
whether institutions providing formal care are being prepared sufficiently to meet 
this increasing demand. 
  57
 
 
 
 
 
 
 
 
CHAPTER 4 
 
 
Does widowhood affect memory performance of 
older adults? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Aartsen, M.J., Van Tilburg, T.G., Smits, C.H.M., Comijs, H.C, & Knipscheer, 
C.P.M. (submitted). Does widowhood affect memory performance of older adults? 
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Abstract 
The loss of a spouse has been found to have a negative effect on physical and mental health and 
leads to increased mortality. Whether conjugal bereavement also affects memory functioning has 
largely been unexamined. The present study investigates the effect of widowhood on memory 
functioning in older persons. The sample consisted of 474 married women and 690 married men 
aged 60-85 years in 1992, and followed up in 1995 and 1998. During the study 135 (28%) of 
the women and 69 (10%) of the men lost their spouse. Linear regression analysis was used to 
examine whether widowed men and women differed from those who had not been widowed in rate 
of memory change over six years. Cross-domain latent change models were subsequently used to 
evaluate the extent to which changes in memory are related to changes in other domains of 
functioning that may be affected by widowhood. Older adults who lost a spouse during follow-up 
showed a greater decline in memory (mean decline of .46) over six years than those who remained 
married (mean decline of .20). A higher level of depressive symptoms at baseline was related to 
lower levels of memory functioning and a greater decline. Memory decline was unrelated to changes 
in depressive symptoms and physical health. To conclude; loss of the spouse is related to a greater 
decline in memory in older adults. The absence of an association with physical functioning and the 
weak association with mental functioning suggest that losing a spouse has an independent effect on 
memory functioning. 
 
 
 
Introduction 
Loss of the spouse is often considered one of the most important negative life 
events, having far-reaching consequences. Studies on bereavement consistently 
show that losing a spouse is related to increased mortality (for an overview see 
Bowling, 1987), depression (Gallagher-Thompson, et al., 1993; Byrne & Raphael, 
1994; Bennett, 1998), and physical illness (Parkes, 1996). One factor potentially 
responsible for the direct negative effect of bereavement on physical and mental 
functioning is stress (Stroebe & Stroebe, 1983). As a consequence, one could also 
expect bereavement to have a negative effect on cognitive functioning. Surprisingly, 
studies on the relationship between cognitive functioning and bereavement are 
scarce, but a recent cross-sectional community-based study observed lower 
memory performance among older persons who had experienced grief, suggesting 
that bereavement had a negative effect on memory functioning (Xavier et al., 2002). 
However, because of the cross-sectional nature of this particular study, no 
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conclusions could be made about a causal relationship between bereavement and 
memory functioning.  
Memory may be affected by bereavement via different pathways. High doses 
of stress negatively affect memory functioning (Newcomer et al., 1999; Sapolsky, 
1999, 2000). Unfortunately, our study lacks measures of stress, but we do have 
measures of physical and mental health to evaluate an indirect effect of 
bereavement on memory. For example, reduced physical health due to 
bereavement may also lead to reduced levels of memory functioning. Furthermore, 
the loss of a loved one may lead to depressed mood (Gallagher-Thompson et al., 
1993), which is found to be related to lower levels of memory functioning 
(McBride & Abeles, 2000). 
The negative influence of bereavement on physical and mental health often 
fade over time. However, the length of time over which the negative consequences 
of widowhood seem to disappear differs greatly from person to person. While 
Zisook and Schuchter (1999) found that the majority of recently widowed persons 
no longer suffer from depressive symptoms after 25 months, Barrett and 
Schneweis (1980) suggest that the stresses of widowhood persist for many years 
after the spouse's death. This suggests that some widowed people recover after a 
period of severe stress, implying that the length of the bereavement period after the 
death of the spouse could be related to memory performance. 
The central question in the present study is whether the loss of the spouse 
leads to a memory decline in older persons, greater than the general effect of aging, 
and if so, to what extent is the decline in memory functioning the consequence of 
changes in other domains of functioning that are affected by spousal bereavement? 
If there is an effect of bereavement on memory decline, we will investigate whether 
the greater memory decline is the consequence of lower levels of physical and 
mental health at baseline. People who are in poor physical and mental health at 
baseline may be more susceptible to the effects of bereavement than people in 
better health. For example Zisook et al. (1997) observed in a prospective study 
among widows and widowers that depression prior to the death of the spouse 
predicted an increased risk for major depression following bereavement. There are 
also indications that men suffer more from bereavement than women (e.g., Stroebe 
& Stroebe, 1983; Lee et al., 2001), therefore we will also evaluate the interaction 
between gender and widowhood. The analyses will be controlled for age and level 
of education. 
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Methods 
Sample 
Data are derived from the Longitudinal Aging Study Amsterdam (LASA), which is 
an ongoing longitudinal, multidisciplinary research project focusing on autonomy 
and well-being in the aging population (Deeg, Knipscheer, & Van Tilburg, 1993). 
The LASA sample is stratified by birth year and gender, and there is an over-
sampling of older and male subjects. The sample is drawn from the population 
registries of 11 municipalities in three culturally distinct geographical areas in the 
Netherlands. The LASA sample was initially recruited for the study "Living 
arrangements and Social Networks of older persons" (LSN) (Knipscheer, De Jong 
Gierveld, Van Tilburg, & Dykstra, 1995). Of the LSN sample (N= 3,805), 3,107 
persons aged 55 to 85 years took part in the first LASA cycle (T1) (1992/1993). Of 
the 698 LSN respondents who did not participate in the LASA study, 126 (18%) 
had died and 134 (19%) were unable to participate in the study because of severe 
physical or mental health problems. In addition, 394 (56%) refused to be re-
interviewed, and 44 (6%) could not be contacted. At T2 (1995/1996), 2,545 
respondents (82% of the T1 respondents) participated, and 2,076 (67% of the T1 
respondents) were re-interviewed at T3 (1998/1999). 
For the present study, we selected respondents aged 60 and over. as the 
youngest birth cohort (55 to 60 years) was excluded for measures of memory 
performance at follow up. We further selected only people who were married at 
baseline, resulting in a study sample of 1,144. During follow-up, 135 women and 69 
men (18% of the sample in total) lost their spouse. Attrition between T1 and T3 was 
not related to level of education or depressive symptoms, but to lower memory 
performance at baseline: 1.2 points lower on the 15 Words Test (Saan & Deelman, 
1986). Being male, having greater age (4.5 years older), suffering from a number of 
chronic diseases ( .3 more diseases), or having a lower level of functional ability (1.0 
lower on a 12-point scale) were also all significantly (p < .05) related to attrition. 
Despite this selective attrition, at baseline there was still a fairly large proportion 
(33%) of respondents with two or more diseases, 9% had difficulty performing at 
least two functional tasks, and 14% remembered fewer than four out of 15 words 
after three learning trials. This indicate that the survivors are not extremely healthy. 
At all observations (T1, T2, and T3), data on the participants were collected 
by means of two face-to-face interviews and a self-administered questionnaire. 
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With respect to the variables used in this study, the same instruments were used in 
each data-collection cycle. 
 
 
Measures 
Dependent variables 
The 15 Words Test (Saan & Deelman, 1986), derived from the Auditory Verbal 
Learning Test (Rey, 1964), was chosen for the assessment of memory functioning. 
The test procedure started with a verbal presentation of 15 words by the 
interviewer. Immediately after the presentation, the respondent was asked to repeat 
as many words as possible. The same procedure took place another two times, 
using the same 15 words. Subsequently, for a duration of approximately 20 
minutes, the respondent performed a different non-verbal task. After this, to obtain 
an indication of the delayed-recall function, the respondent was asked to recall as 
many words as possible. The respondent was not prepared for this last trial. For 
subsequent cycles, parallel versions of the 15 listed words were used. The words of 
the parallel versions are comparable with respect to the frequency of daily 
occurrence, number of syllables, the stage at which they are acquired during life, 
and mental imagery. The scores on the 15 Words Test consisted of the number of 
words correctly remembered per trial, resulting in a score ranging between 0 and 15 
for each attempt. 
 
Explanatory variables 
Age, gender, and level of education were included because of their association with 
cognitive functioning and because of the association of age and gender with 
widowhood. Level of education was measured by asking the respondents about the 
highest educational level attained, resulting in a nine-category variable ranging from 
1 "elementary school, not completed" to 9 "university education." Length of 
widowhood was based on the date of death of the spouse and was converted to 
months of bereavement, counting from the last measurement (T3). 
Physical health was measured with two indices: functional ability and number 
of diseases. Functional ability was based on the ability to perform three activities: 
walking up and down a 15-step staircase without having to stop, using own or 
public transportation, and cutting one’s own toenails (Kriegsman et al. 1997). 
Response categories ranged from 1 "not able to carry out the activity" to 5 "no 
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difficulty," with a sum score ranging from 3 to 15 and a higher score indicating a 
higher level of physical ability. Physical abilities are reliable measured (Cronbach's α 
was > .82 at the three observations). The number of diseases was determined by 
asking the respondents whether they had or had had any of the following diseases: 
cardiac disease, peripheral atherosclerosis, stroke, diabetes mellitus, chronic non-
specific lung disease (i.e., asthma, chronic bronchitis, or emphysema), cancer, 
osteoarthritis, or rheumatoid arthritis. Answers were coded "yes" or "no." 
Mental health was measured with the Dutch version of the Center for 
Epidemiologic Studies Depression Scale (CES-D), which is a 20-item self-report 
scale designed to measure depressive symptoms in the general population (Radloff, 
1977), with good psychometric properties (Beekman et al., 1994). Scores on the 
CES-D range from 0 to 60, with higher scores indicating higher levels of depressive 
symptoms (Cronbach's α was > .86 at the three observations. 
 
 
Procedure 
The analyses included three steps. We started with a calculation of the proportions 
of respondents in each subgroup (men and women widowed or not) who showed 
memory decline or not over six years. For this analysis we dichotomized memory 
change in decline and no decline. Decline (α = .10) was calculated with the 
Edwards Nunally difference score (Speer, 1992) which takes into account the 
reliability of the test and regression to the mean. Next, with a hierarchical linear 
regression analysis, we estimated whether widowed men and women showed a 
greater decline in memory function (continuous outcome) than men and women 
who were not widowed, and whether there was a difference in the rate of decline 
between widowed men and women. The regression analysis was done in a stepwise 
procedure by entering baseline memory performance, widowhood, and gender in 
the first step, and widowhood x gender in the second step. The level of memory 
used in the difference-score analysis and the linear regression analysis reflects the 
mean on the first three trials of the 15 Words Test and the delayed-recall score. 
Analysis based on observed scores must be interpreted with caution, 
however, because the analyses summarize observed rather than true change. It is 
possible that observed change could be attributed to measurement error rather than 
to true change (Willett & Sayer, 1994). Furthermore, we are interested in 
associations in change across several domains of functioning. Such an analysis is 
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complicated, if not impossible, with conventional regression techniques. Finally, 
change in memory performance is often not linear because of the learning effect. 
Therefore, we applied a structural equation model (cross-domain latent change 
model) to estimate cross-domain relationships, taking into account the influence of 
measurement errors and the non-linearity of change in memory performance (see 
Figure 4.1). Cross-domain latent change models make it possible to estimate an 
individual’s initial level of memory functioning (intercept), rates of linear (slope) 
and non-linear (e.g., quadratic slope) change, as well as the levels and rates of 
change of physical health (number of diseases and functional ability) and mental 
health (depressive symptoms). 
Three models were estimated. Model 1 was the unconditional model 
describing the latent change trajectories of memory for those widowed and not 
widowed. Model 2 was an extension of Model 1, including the explanatory variables 
physical and mental health at baseline, as well as the length of widowhood for those 
who had been widowed. Level and rate of change in memory performance was 
controlled for the effect of age, gender, and level of education. With the third 
model, we estimated the correlation between changes in the three distinguished 
domains of functioning, controlling for the effects of age, gender, and level of 
education. As there might be interactions between widowhood and potential 
predictors of change, we estimated the latent change models separately for those 
who had been and those who had not been widowed. 
The factor loadings of the memory performance indicators were constrained 
to be equal across time (factorial invariance) to ensure that the same concept was 
measured over time. We allowed the intercept and slope of memory to covary, 
which means that we estimated the covariation between initial level of memory and 
rate of change. A significant covariation between intercept and slope of memory 
indicates that the baseline level of memory functioning is predictive of the rate of 
decline. The models were estimated with Mplus2.1 (Muthén & Muthén, 2001). 
The fit of the model was evaluated as good when the comparative fit index 
(CFI) was > .95, root mean square error of approximation (RMSEA) was < .06, 
and the standardized root mean square residual (SRMR) was < .08. The latent 
change models were estimated with Mplus 2.1 (Muthén & Muthén, 2001). 
Because attrition was related to most of the study variables, missing values in 
our study sample could not be considered to be missing completely at random 
(Enders, 2001). If observations are not missing at random, which is the case when 
  64
the probability of values being missing can be predicted by variables that are not 
missing (Muthén & Muthén, 2001), then a better approach is to use incomplete 
data and estimate all missing values based on observation of the variables that are 
not missing. In the cross-domain latent change models, missing values were 
estimated accordingly. 
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     Figure 4.1 Cross-domain latent change model for adults who lost their spouse during follow-up. 
Notes : Latent variables are enclosed by ellipses; observed variables are enclosed by boxes. A one-headed arrow indicates a direct effect. To facilitate 
the readability of the figure, only the significant effects are presented. Funct Ab = functional ability, Educ = Level of education, Depr = level of 
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Results 
We observed that the respondents who were not widowed during the study were, at 
baseline, in a more favorable condition on average than those who lost their spouse 
during the study (Table 4.1). Those who were not widowed were younger, had 
higher levels of education and functional ability, were less depressed, and had fewer 
diseases. However, within a multivariate logistic regression model only age and 
gender were predictive of being widowed at follow-up (Odds Ratio's (95% C.I.) are 
1.1 (1.08-1.15) for age and 5.1 (3.39 - 7.75) for gender). 
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Table 4.1   Baseline Characteristics of the Study Sample by Widowhood  
(Observed Data) 
  
Not Widowed at 
follow-up 
Widowed at 
follow-up 
 
N= 940 N = 204  
M SD M SD t, χ2 
Age (years) 69.7 6.6 72.8 6.6 -6.1 ** 
Gender (% women) 36% 66%  65.4 ** 
Level of education (1-9) 3.9 1.9 3.0 1.8 4.5 ** 
Memory (mean of four trials) (0-15) 6.1 2.1 5.9 2.1 0.9 
Functional ability (3-15) 13.7 2.4 13.1 2.8 3.0 * 
Number of diseases (0-8) 1.2 1.1 1.4 1.1 2.7 * 
Depressive symptoms (CES-D, 0-60) 5.9 6.4 8.1 7.4 4.0 ** 
Notes: * p < .01, ** p < .001. 
 
 
Proportions of change in memory 
According to the Edwards Nunally difference score, it appeared that memory 
decline was most often observed among widowed men (33%), followed by 
widowed women (19%). Memory decline was also observed in people who had not 
been widowed, although the percentages were lower for both men (17%) and 
women (13%), being much lower for men. Differences in memory decline between 
widowed persons and those who had not been widowed were significant for men 
(χ2(1)=6.4, p <.05) but not for women (χ2(1)=2.3, p =.13). The change scores are 
based on complete cases. 
Next, we conducted a stepwise hierarchical regression analysis to see 
whether these gender differences are sustained when continuous differences scores 
are used, and whether there is an interaction effect between gender and 
widowhood. Both gender and widowhood predicted the level of memory 
performance at T3. Individuals who had lost their spouse during follow-up scored, 
on average, .66 lower on the memory test at T3 than people who had remained 
married. Women outperformed men with respect to the level of memory ( .35 
higher, on average). Because the interaction between gender and widowhood was 
not significant, and the reduction of unexplained variance was zero, we concluded 
that the differences between men and women in rate of memory decline after 
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widowhood are not significant. Note that the estimates of the proportions of 
change (first analysis) and the linear regression models (second analysis) are based 
on complete data and on observed scores and may differ slightly from the estimates 
of the latent scores (which are presented below) in which measurement error and 
missing values were taken into account. 
 
 
Predictors of change in memory with cross-domain latent 
change models 
The cross-domain latent change models fitted the data adequately, as indicated by 
the five fit statistics (rows 20 to 24 in Table 4.2). The first three rows of Table 4.2 
describe the latent intercept and rate of change in memory performance. The slope 
and quadratic slope reflects the yearly rate of change in memory performance. 
There is a significant linear and nonlinear decline in memory performance for 
people who had not been widowed. For people who had been widowed by the time 
of follow-up, only the nonlinear decline in memory performance was significant. 
As in many tests involving learning, practice effects lead to higher scores at a 
second measurement (T2) (Lezak, 1995), causing a non-linear pattern of change 
over six years. Practice effects could be due to the fact that respondents 
remembered the delayed-recall test, for which they were unprepared at the first 
measurement cycle. They may therefore have listened more carefully to the words 
at follow-up, resulting in a better overall score. We calculated the estimates for T1, 
T2, and T3 for persons widowed and not widowed (T1 level = intercept, T2 level= 
intercept + 3*slope + 9*slope2, and T3 level = intercept + 6*slope + 36*slope2), 
which are shown in Figure 4.2. The non-significant covariance in row four between 
intercept and change of memory indicates that level of memory is not related to 
rate of decline. 
Rows five, six, and seven of Model 2 indicate that length of widowhood was 
unrelated to the level and rate of change in memory performance. The average 
length of widowhood was 37 months, and additional analysis revealed no gender 
difference (results not shown). Rows eight to 16 reflect the unstandardized 
regression effects (B’s) of baseline physical and mental health on level and change 
of memory. Higher levels of depressive symptoms were related to greater changes 
in memory functioning among people who had been widowed. It can be derived 
that an increase from 5.9 (not widowed) to 8.1 (widowed) on the CES-D scale 
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results, ceterus paribus, in a small decrease of .03 on the 15 Words Test. Rows 17, 18, 
and 19 indicate that changes in physical and mental health were unrelated to 
changes in memory performance. 
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     Figure 4.2   Latent change in memory by widowhood status.
Notes: Solid line with circles = widowed respondents, dashed line with triangles = not widowed respondents.
 
 
Discussion 
We focused on the effect of bereavement on memory functioning in a sample of 
1,144 older persons who were married at baseline. During the six years of follow-up, 
219 respondents were widowed. Our central question was whether widowhood has a 
negative effect on memory. Analogous to the negative effect of bereavement on 
various aspects of somatic and mental functioning, a negative effect on cognitive 
functioning was expected. Secondary questions were how initial levels of and 
changes in memory were related to initial levels of and changes in physical and 
mental health, controlling for the effect of age, level of education, and gender. We 
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also examined potential gender differences in rate of memory change after 
widowhood 
The less favorable starting position of widowed people with respect to 
physical health and memory could not explain the greater memory decline. Nor was 
the lower level of memory functioning at baseline related to this decline. Only a 
higher level of depressive symptoms at baseline was related to greater memory 
decline, indicating that the loss of the spouse has a stronger impact on memory when 
people are already depressed prior to the death of the spouse. However, these effects 
were small: a 2-point increase on the CES-D scale resulted in a decrease of .03 on the 
15 Words Test. 
The observed levels of depressive symptoms among both widowed people 
and those who were not widowed were below 16 on average, which is generally 
judged to indicate no clinically relevant depression (Beekman et al., 1994). Moreover, 
an increase in the level of depressive symptoms is most often a symptom of grief, 
which is a normal reaction to the loss of a loved one (Stroebe & Stroebe, 1983). 
Considering depression scores as an indirect measure of grief, we drew a preliminary 
conclusion that stronger feelings of grief are related to greater memory decline. 
However, as grief is a multifaceted concept (Hansson et al., 1993), further research 
into other aspects of grief and the rate of memory decline is needed. 
We ruled out the effect of physical health as an alternative explanation for the 
negative effects of widowhood on memory performance, and there was a small 
effect of baseline depressive symptoms on the rate of memory change, both of 
which provide evidence for the role of stress on memory performance. High levels 
of stress have a negative effect on memory functioning (Newcomer et al., 1999; 
Sapolsky, 1999, 2000). This negative effect is caused by the production of the stress 
hormone cortisol. Cortisol affects the hippocampus, which plays a crucial role in 
learning and memory, especially the consolidation of short-term into long-term 
memory. However, as cortisol was not measured in our respondents, further 
research is needed to investigate the relationship of stress, cortisol, and memory 
more thoroughly. 
Some comments on the design of the present study have to be made. First, we 
were not able to distinguish between a sudden and an anticipated death. Unless death 
was unexpected, the generation of stress could have started before the actual death 
of the spouse. Moreover, if the death of the spouse was a relief after a period of 
suffering, the actual death could mark a decrease in the level of stress. Those who 
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had the greatest stress prior to the beginning of our study might already have had 
reduced levels of memory functioning that could not be detected in our analyses. 
However, the use of cross-domain latent change models makes us feel comfortable 
about the study results. The replacement of missing values by estimated values based 
on all other study variables reduced the disadvantage of longitudinal studies where 
the most vulnerable people are most likely to drop out. Furthermore, the inclusion of 
measurement errors, which takes into account all sorts of disturbing influences on 
the measures, contributed to the reliability of the study results. 
 In sum, our study revealed that losing a spouse is detrimental for memory 
functioning for both men and women, which was not the result of either changes in 
physical functioning, greater age, or lower levels of education. It appeared that adults 
who had higher levels of depressive symptoms prior to the death of the spouse were 
more vulnerable to the negative consequences of losing a spouse than those who had 
lower levels of depressive symptoms. 
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Table 4.2   Latent Change in Memory Performance, Unstandardized Effects (B’s) of Functional Ability, Number of Diseases and 
Depressive Symptoms on Intercept and (Nonlinear)Change in Memory by Widowhood Status 
   Model 1  Model 2a  Model 3 a 
 
not 
widowed  widowed  
not 
widowed  widowed  not widowed  widowed 
  
Row 
# M  M  M  M  M  M 
Intercept memory 1 4.57 *** 4.29 *** 4.56 4.30 4.56  4.30
Linear change memory (slope) 2 0.06 ** ns 0.08 -- 0.08  --
Quadratic change memory (slope2) 3 -0.02 *** -0.02 ** -0.02 -0.02 -0.02  -0.02
Covariance intercept memory and linear change memory 4 ns ns ns ns ns  ns
Effect (B) months widowed on intercept memory 5 ns  
Effect (B) months widowed on linear change memory 6 ns  
Effect (B) months widowed on nonlinear change memory 7 ns  
Effect (B) baseline depr. symptoms on intercept memory 8 ns ns  
Effect (B) baseline depr. symptoms on linear change memory 9 ns -0.016 **  
Effect (B) baseline depr. symptoms on nonlinear change memory 10 ns 0.003 **  
Effect (B) baseline physical ability on intercept memory 11 0.07 ** 0.08 *  
Effect (B) baseline physical ability on linear change memory 12 ns ns  
Effect (B) baseline physical ability on nonlinear change memory 13 ns ns  
Effect (B) baseline # of diseases on intercept memory 14 ns ns  
Effect (B) baseline # of diseases on linear change memory 15 ns ns  
Effect (B) baseline # of diseases on nonlinear change memory 16 ns ns  
Correlation between linear change depr. symptoms and linear change memory 17 ns  ns
Correlation between linear change phys. health and linear change memory 18 ns  ns
Correlation between linear change # diseases and linear change memory 19 ns  ns
Chi-squared 20 408.06 58.89 509.30 135.37 647.43  232.96
df 21 54 54 108 117 204  204
CFI 22 0.95 1.00 0.95 0.99 0.96  0.99
RMSEA 23 0.09 0.02 0.06 0.03 0.05  0.03
SRMR 24 0.11  0.08   0.08  0.06   0.06   0.06
Notes: df = degrees of freedom, CFI = comparative fit index, RMSEA = root mean square error of approximation, SRMR= standardized root mean square residual, ns = not significant a controlling for 
age, gender, and level of education. 
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CHAPTER 5 
 
 
Loneliness and lack of support: Risk factors of 
memory decline? A longitudinal study of the 
relationship between loneliness, receipt of support, 
and memory 
 
 
 
 
 
 
 
 
 
 
 
 
Aartsen, M.J., Van Tilburg, T.G., Smits, C.H.M., & Knipscheer, C.P.M. (submitted). 
Loneliness and lack of support: Risk factors of memory decline? A longitudinal 
study of the relationship between loneliness, receipt of support, and memory 
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Abstract 
Examining a population-based sample of older individuals (n = 2,648), aged between 60 and 
85, over a period of six years, this longitudinal study evaluated whether receipt of support and 
lower levels of loneliness enhanced memory functioning. Reversed causal relationships, i.e. poorer 
memory functioning leads to stronger feelings of loneliness and decline in the support received were 
also evaluated. A cross-domain latent change model was used to evaluate research questions. No 
effect was found from loneliness and support on memory functioning. In contrast, people with high 
memory performance were found to be less lonely at follow-up. It is concluded that high levels of 
memory functioning help to enhance the receipt of support and prevent individuals from feeling 
lonely. 
 
 
 
Introduction 
With aging, there is an increased risk of diminishing cognitive functioning, which 
many older people fear. This fear, however, is not always justified. Whereas some 
older people do experience a decline in memory functioning, others maintain a high 
level of competence until a very advanced age (Schaie, 1994). Research on cognitive 
aging has revealed a number of factors that contribute to these observed 
differences in individual memory functioning. For example, a higher level of 
education (Perlmutter & Nyquist, 1990) and good physical health (Birren & Fisher, 
1991) are related to higher levels of memory functioning. Factors related to an 
accelerated decline in memory are somatic disorders such as diabetes and cerebral 
vascular accidents (Holland & Rabbitt, 1991), and genetic factors such as APOE-ε4 
(Dik, Deeg, Bouter, Corder, Kok, & Jonker, 2000). 
Several studies have been conducted in the context of the 'use it or lose it' 
principle, meaning that being active challenges people’s cognitive abilities, thus 
preventing cognitive decline (Salthouse, 1987; Arbuckle, Gold, & Andres, 1986; 
Musick, Herzog, & House, 1999; Schooler, Mulatu, & Oates, 1999). However, 
Hultsch, Small, Hertzog, and Dixon (1999) dispute this causal relationship between 
level of activity and cognitive functioning and suggest that the relationship between 
activities and cognitive functioning may be reversed; i.e., high-ability individuals 
lead active lives until cognitive decline in old age limits their activities. In an earlier 
study (Aartsen, Smits, Van Tilburg, Knipscheer, & Deeg, 2002), we demonstrated 
this reversed causal effect. When (unobserved) confounding variables are 
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controlled, the positive effect of leisure activities on cognitive functioning becomes 
insignificant, whereas the effect of cognitive functioning on level of activity 
remains significant. 
Recently, Fratiglioni, Wang, Ericsson, Maytan, and Winblad (2000) focused 
specifically on the influence of the social network on the incidence of dementia. 
They observed that an extensive social network and, more important, satisfying 
social relationships protect older individuals from dementia. Individuals living 
alone, and those without any close social ties, had a significant adjusted relative risk 
of 1.5 of developing dementia. Although it was not investigated directly, Fratiglioni 
et al. suggest that by providing social support, one’s personal network may delay 
the onset of pathological alterations that lead to dementia. In a commentary on the 
study of Fratiglioni et al., Berkman (2000) further argued that the power of 
engagement and the sense of affiliation and worth provided by social relationships 
may be the critical pathway through which social networks influence cognitive 
decline. ‘Being alone is what is risky, not living alone,’ Berkman concludes. 
Aside from some methodological shortcomings (see below), the study of 
Fratiglioni et al. (2000) and the commentary by Berkman (2000) puts forward some 
interesting ideas. In addition to the suggestion that social contacts stimulate 
cognitive functioning and therefore help to prevent memory decline, two other 
ideas emerge. The first is that the receipt of support helps to maintain physical 
health and thereby contributes to maintenance of memory functioning. The second 
is that loneliness leads to accelerated cognitive decline. However, the specific 
nature of this relationship is still largely unclear. In the present study, we investigate 
further the association between receipt of support (both instrumental and 
emotional) and loneliness and memory performance in later life. 
Why would loneliness be related to cognitive decline? A possible explanation 
in line with the 'use it or lose it' phenomenon is that loneliness is indicative of 
situations in which the number of relationships is smaller than is considered 
desirable, as well as situations where the intimacy one may wish for does not exist 
(De Jong Gierveld, 1998). If we consider social relationships as cognitive stimuli, 
then a perceived shortage of relationships reflects a situation in which one is 
cognitively under-stimulated. This could explain why loneliness is related to 
cognitive decline. Because people may differ in their optimum level of stimulation, 
not the objective number of relationships, the subjective evaluation of social 
relationships would predict whether cognitive functioning would be maintained. 
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We hypothesize that feelings of loneliness reflect a situation of under-stimulation 
of cognitive functioning, which -- in line with 'use it or lose it' -- leads to a greater 
decline of memory (hypothesis 1a). In line with the idea that social support delays 
the onset of pathological alterations leading to dementia (Fratiglioni et al., 2000), 
we hypothesize that lower levels of support are indirectly related to a decline in 
memory functioning (hypothesis 2a). 
 However, a study on causality may lead to biased results if not all directions 
of causation are included in the models. Therefore, we also investigated reversed 
causation, i.e., the level of memory performance that would be predictive of 
changes in social support and feelings of loneliness. In addition to methodological 
considerations, previous research has indicated a possible causal relationship in this 
direction. In a recent study, we observed that cognitive decline leads to the loss of 
social relationships, in particular the loss of friends and neighbors (Aartsen, Van 
Tilburg, Smits, & Knipscheer, in press). Because friends and neighbors provide 
social support, the loss of these relationships affects not only the amount of 
support received, but also feelings of loneliness. This leads us to two alternative 
hypotheses: lower levels of memory functioning lead to increased feelings of 
loneliness (hypothesis 1b) and to reduced levels of support (hypothesis 2b). 
 
 
 
Methods 
Sample 
Data are from the Longitudinal Aging Study Amsterdam (LASA), which is an 
ongoing longitudinal, multidisciplinary research project focusing on autonomy and 
well-being in the aging population (Deeg, Knipscheer & Van Tilburg, 1993). Drawn 
from the population registries of 11 municipalities in three culturally distinct 
geographical areas in the Netherlands, the LASA sample is stratified by birth year 
and sex, with an over-sampling of older and male subjects. The sample was initially 
recruited for the study ‘Living arrangements and social networks of older adults’ 
(LSN) (Knipscheer, De Jong Gierveld, Van Tilburg, & Dykstra, 1995). Of the 
original LSN sample of 3,805, there were 3,107 persons aged 55 to 85 years who 
took part in the first LASA cycle (1992/1993) (T1). The 698 LSN respondents who 
did not participate in the LASA study had died (126, or 18%) or were unable to 
participate because of severe physical and/or mental health problems (134, or 
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19%). A further 394 (56%) refused to be re-interviewed, and 44 (6%) could not be 
contacted, resulting in 2,545 respondents (82% of the T1 respondents) who 
participated in T2 (1995/1996) and 2076 (67% of the T1 respondents) in T3 
(1998/1999). 
 Total attrition between T1 and T3 (n =1,031) was caused by mortality (761 
persons, 74%), refusal (160 persons, 13%), frailty (81 persons, 8%), and failure to 
contact (29 persons, 3%). Attrition was associated with all variables included in the 
analyses: lower average memory performance (-1.3 lower on a 15-point scale), 
being male, older (6 years older), lower levels of physical health (-1.97 on a 15-point 
scale), lower level of verbal intelligence (-1.30 on a 20-point scale), higher levels of 
social loneliness (+0.47 on a 10-point scale), and less emotional and instrumental 
support received (-2.80 and -0.95, respectively, on a scale ranging from 0 to 36) (all 
significant at p < .001) at T1. For the present study, we selected respondents who 
were at least 60 years old at baseline; the youngest birth cohort (those aged between 
55 and 59) was excluded, resulting in a baseline sample of 2,648 respondents. 
 At all three measurements (T1, T2, and T3), data on the LASA participants 
were collected by means of two face-to-face interviews and one self-administered 
questionnaire, using the same instruments each time. 
 
 
Measures 
Dependent variables 
The 15 Words Test (Saan & Deelman, 1986), derived from the Auditory Verbal 
Learning Test (Rey, 1964), was used to assess memory function. This test measures 
several aspects of memory functioning e.g. immediate recall and delayed recall. The 
test starts with a verbal presentation by the interviewer of 15 words. Immediately 
after the presentation, the respondent is asked to repeat as many words as possible. 
The same procedure takes place three times, using the same 15 words, to obtain an 
indication of immediate recall (first three trials). Subsequently, for a duration of 
approximately 20 minutes, the respondent performs a different non-verbal task. 
After this, the respondent is asked to recall as many of the 15 words as possible in 
order to obtain an indication of delayed recall. The respondent is not prepared for 
this last trial. At T2, parallel versions of the 15 listed words were used, with the 
parallel version comparable to the original list with respect to the frequency of daily 
occurrence, number of syllables, the stage acquired during life, and mental imagery. 
  76
The scores for the 15 Words Test consisted of the number of words correctly 
remembered per trial, resulting in a range of 0 to 15 for each attempt. The bivariate 
correlations of the three trials and the delayed recall score between T1 and T2 and 
between T2 and T3 ranged from .41 to .79, with the strongest correlations those for 
delayed recall. 
Questions about the amount of support received were posed after the 
personal network was delineated. The method used to identify the personal 
network is described elsewhere (Van Tilburg, 1995). Members included in the 
network reflect the socially active relationships of the older adult in the core, as 
well as the periphery, of the network. Information on type of relationship, sex, and 
frequency of contact was gathered on all the identified network members. For a 
subset of network members, i.e., the nine with the highest frequency of contact 
other then the individual’s partner, questions were asked about the giving and 
receiving of emotional and instrumental support. To measure the receipt of 
emotional support, the respondent was asked, ‘How often in the past year did you 
talk to X about your personal experiences and feelings?’ For instrumental support, 
the question was, ‘How often in the past year did X help you with daily tasks in and 
around the house?’ The answers were categorized on a scale of four, ranging from 
1 "never" to 4 "often." Scores were summed across the relationships and ranged 
from 0 to 36; a score of zero was assigned if there were no relationships other than 
with the spouse. 
Social loneliness, rather then the total number of relationships, was used to 
determine the possibility of under-stimulation of cognitive functioning. Social 
loneliness is measured with a sub-scale of the De Jong Gierveld Loneliness Scale 
(De Jong Gierveld & Kamphuis, 1985). This scale can be divided into two sub-
scales: one assessing social loneliness and one assessing emotional loneliness (Van 
Tilburg, 1988; Van Baarsen, Snijders, Smit, & Van Duijn, 2001). Social loneliness 
reflects a lack of social relationships; whereas, emotional loneliness reflects a lack of 
intimacy. Ranging from 0-10, the social loneliness scale is measured with five items, 
such as ‘ there is always someone that I can talk to about my day-to-day problems.’ 
It was recoded so that higher scores would reflect higher levels of social loneliness.  
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Covariates 
Age, gender, level of verbal intelligence, and physical functioning were entered in 
the models as covariates, as these variables may confound associations between 
loneliness, receipt of support, and memory functioning. Verbal intelligence was 
measured with a Dutch vocabulary test (Luteijn & Van der Ploeg, 1983), which is a 
more reliable measure of intelligence than level of education (Lezak, 1995). Among 
older persons, especially, education as a proxy for intelligence may underestimate 
the of level of intelligence because many people were not able to obtain a higher 
education when they were young (Comijs, Jonker, Beekman, & Deeg, 2001). In the 
Dutch vocabulary test, the respondent has to choose a synonym from five 
alternatives for 20 words of increasing difficulty. The total score ranges between 0-
20, with higher scores reflecting a higher level of verbal intelligence. 
Physical functioning was based on level of functional limitation (Kriegsman, 
Deeg, Van Eijk, Penninx, & Boeke, 1997), with scores based on the difficulty the 
respondent had performing three activities: walking up and down a 15-step 
staircase without having to stop, using own or public transportation, and cutting 
one’s own toenails. Response categories ranged from 1 ‘not able to carry out the 
activity’ to 5 ‘no difficulty.’ The scores ranged from 5 to 15, where a higher score 
indicates a higher level of physical ability. The scale was a reliable measure of 
physical ability (Cronbach's α ≥ .82 for the three observations). 
 
 
Procedure 
To overcome problems of reversed causation and confounding variables in 
research on causality, it is recommended that a structural equations approach be 
used. This approach includes reversed effects and confounding variables, as well as 
a measurement model to account for errors in measurement (Zapf, Dormann, & 
Frese, 1996). Accordingly, we applied a cross-domain analysis (Willet & Sayer, 
1996) to disentangle the causal effects between loneliness and levels of support, 
and cognitive functioning. The mutual relationship between memory, instrumental 
and emotional support received, and social loneliness were assessed in three 
separate models, each model containing a latent change model for memory and a 
latent change model for one of the social variables. To control for confounding 
relationships, the latent change factors of intercept, slope, and quadratic slope of 
both domains were regressed on the time-unvarying variables of age, sex, and 
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verbal intelligence. To control for the time-varying variable of physical functioning, 
the time-specific observed measures of loneliness and support and the time-specific 
latent variable of memory were regressed on the time-specific measures of physical 
functioning (see Figure 5.1). In the figure, observed variables are enclosed by 
boxes, unobserved or latent variables are in ellipses. Straight single-headed arrows 
depict direct effects; curved double-headed arrows indicate that the residuals of the 
variables may be correlated. The effect of the initial level (intercept) of loneliness or 
support on the rate of linear (slope) and non-linear (quadratic slope) change in 
memory functioning (arrows in bold) was estimated in order to assess the 
significance of an effect of loneliness or support on change in memory 
performance. The significance of any effect of memory on loneliness or support 
received was assessed by estimating the effect of the initial level of memory on the 
rate of linear and non-linear change in loneliness or levels of support (arrows in 
bold). The conditional latent change model shown in Figure 5.1 is easily extended 
to include other covariates. 
 
     Figure 5.1     Cross-Domain (Emotional Support and Memory) Latent Change Model, controlled for age and physical
functioning
Notes: E.R. = Emotional Support Received; Trial 1, 2 and 3 are the first three trials of the 15 Words Test; d.r = delayed recall score;
Interc. = Intercept; Phy = Physical Functioning. Effects in bold evaluate the hypotheses.
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The models were estimated with Mplus 2.1 (Muthén & Muthén, 2001). Since 
all study variables were related to higher dropout rates (see sample description), 
values missing from the study sample could not be considered to be missing 
completely at random (MCAR). If this were the case, then a list-wise deletion of 
observations with missing values on any of the variables would not affect the 
parameter estimates (Enders, 2001). If observations are missing at random (MAR), 
which is the case when probabilities of values being missing can be predicted by 
variables that are not missing (Muthén & Muthén, 2001), then a better approach is 
to use incomplete data and estimate all missing values based on observations of the 
variables that are not missing. Mplus performs maximum-likelihood estimations 
under MAR conditions. 
The estimation procedure included five steps, starting with an investigation 
of the measurements of memory, social loneliness, and instrumental and emotional 
support received (Model 1). The factor loadings were constrained to be equal 
across time (factorial invariance) and no residual covariance, indicating that errors 
were correlated, was included. The residual variance of the latent change models 
for social loneliness and instrumental and emotional support received was 
constrained to be equal across time (homoscedasticity) in order to have a positive 
number of degrees of freedom. If it was necessary to obtain a good fit for the 
model, residual covariance in the observed variables was included, based on the 
modification indices provided by the program. When a good fit was obtained (i.e., 
CFI >.95, RMSEA < .06, SRMR < .08 [Muthén & Muthén, 2001]), an 
unconditional cross-domain analysis (no covariates included) was conducted for 
each combination of memory with loneliness and support. In the next step, we 
included the covariates of age, gender, and verbal intelligence (Model 2). In the 
third step, we further extended the model to include the time-varying covariate of 
physical functioning (Model 3). Finally, if significant effects between loneliness and 
support received and memory were observed, we estimated the partial contribution 
of each social variable to change in memory by further controlling for the social 
variables, except for the one in the latent change part of the model (Model 4). 
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Results 
The measurement models (Model 1) used in the analyses showed a reasonably good 
(for memory) to excellent (instrumental support and social loneliness) fit (Table 
5.1). The estimated slopes and quadratic slopes revealed that, on average, all 
variables changed over time, except for emotional support received (which had no 
significant slopes). The estimates of the intercept (initial level), slope, and quadratic 
slope can be used to calculate the true levels at T1, T2, and T3, according to the 
following formulas: T1 true level = intercept + 0*slope + 0*slope2; T2 true level = 
intercept + 3*slope + 9*slope2.; T3 true level = intercept + 6*slope + 36*slope2. 
For memory, it appears that after an increase of .15 at T2, the average score of 
memory at T3 was .21 lower than at T1. Over six years, instrumental support 
received increased (+0.5) and feelings of social loneliness also increased by .5. 
According to the significance of the variance, inter-individual differences were 
found for all intercepts, indicating that at baseline, the older individuals included in 
our study had different levels of memory performance, loneliness, and amount of 
support received. Inter-individual differences in change were found for all variables 
except emotional support received, indicating different trajectories of change across 
the individuals for instrumental support received, loneliness, and memory. 
 
 
Table 5.1   Unconditional Latent Change Models (Model 1) 
 
 Intercept Slope 
Quadratic 
Slope Fit Statistics 
 M  Var  M  Var  M  χ2 df CFI RMSEA SRMR
Memory 
 
4.21 ** 1.60 ** 0.22 ** 0.02 ** -0.17 ** 378.51 54 0.95 0.08 0.10
Instrumental 
support received  
13.98 ** 22.93 ** 0.66 ** 0.23 ** -0.38 ** 2.89 2 1.00 0.01 0.01
Emotional support 
received  
21.10 ** 35.60 ** -0.30 0.08 0.08 12.16 2 0.99 0.05 0.03
Social loneliness 
 
1.94 ** 4.56 ** 0.13 * 0.04 ** -0.03 1.17 2 1.00 0.00 0.01
Notes: Var = Variance, df = Degrees of Freedom, CFI = Confidence Fit Index, RMSEA = Root Mean Square Error of 
Approximation, SRMR = Standardized Root Mean Square Residual, * p <.01 ** p <.001
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Table 5.2   Parameter Estimates for the Conditional Latent Change Models 
 Parameter 
estimates Fit ftatistics 
 M χ2 df CFI RMSEA SRMR
Model 2: Confounders Age, Sex, and Verbal Intelligence 
Memory (Mem) and Instrumental Support Received (IR) 905.19 111 0.96 0.05 0.07
                  Intercept Mem on Slope IR 0.41   
                  Intercept Mem on Quadr. Slope IR -0.25   
                  Intercept IR on Slope Mem -0.01   
                  Intercept IR on Quadr. Slope Mem 0.01   
Memory (Mem) and Emotional Support Received (ER) 932.17 111 0.96 0.05 0.08
                  Intercept Mem on Slope ER 0.69 **   
                  Intercept Mem on Quadr. Slope ER -0.42 *   
                  Intercept ER on Slope Mem -0.01   
                  Intercept ER on Quadr. Slope Mem 0.01   
Memory (Mem) and Social Loneliness (SoLo) 894.48 111 0.96 0.05 0.07
                  Intercept Mem on Slope SoLo -0.29 ***   
                  Intercept Mem on Quadr. Slope Solo 0.18 ***   
                  Intercept SoLo on Slope Mem -0.01   
                  Intercept Solo on Quadr. Slope Mem 0.01   
Model 3: Confounders Age, Sex, Verbal Intelligence, and Physical Functioning 
Memory (Mem) and Instrumental Support Received (IR) 972.32 150 0.96 0.05 0.07
                  Intercept Mem on Slope IR 0.47 *   
                  Intercept Mem on Quadr. Slope IR -0.29   
                  Intercept IR on Slope Mem -0.01   
                  Intercept IR on Quadr. Slope Mem 0.01   
Memory (Mem) and Emotional Support Received (ER) 1000.68 150 0.95 0.05 0.07
                  Intercept Mem on Slope ER 0.70 **   
                  Intercept Mem on Quadr. Slope ER -0.42 *   
                  Intercept ER on Slope Mem -0.01   
                  Intercept ER on Quadr. Slope Mem 0.01   
Memory (Mem) and Social Loneliness (SoLo) 965.80 150 0.96 0.05 0.07
                  Intercept Mem on Slope SoLo -0.29 **   
                  Intercept Mem on Quadr. Slope Solo 0.18 **   
                  Intercept SoLo on Slope Mem 0.00   
                  Intercept Solo on Quadr. Slope Mem 0.00   
Model 4: Confounders Age, Sex, Verbal Intelligence, Physical Functioning, Emotional Support Received, and Social Loneliness
Memory (Mem) and Instrumental Support Received (IR) 1003.65 168 0.96 0.04 0.06
                  Intercept Mem on Slope IR 0.42   
                  Intercept Mem on Quadr. Slope IR -0.26   
                  Intercept IR on Slope Mem -0.01   
                  Intercept IR on Quadr. Slope Mem 0.00   
Confounders Age, Sex, Verbal Intelligence, Physical Functioning, Instrumental Support Received, and Social Loneliness 
Memory (Mem) and Emotional Support Received (ER) 1005.60 168 0.96 0.04 0.07
                  Intercept Mem on Slope ER 0.70 **   
                  Intercept Mem on Quadr. Slope ER -0.43 *   
                  Intercept ER on Slope Mem -0.01   
                  Intercept ER on Quadr. Slope Mem 0.01   
Confounders Age, Sex, Verbal Intelligence, Physical Functioning, Instrumental Support Received, and Em. Support Received 
Memory (Mem) and Social Loneliness (SoLo) 987.26 168 0.96 0.04 0.06
                  Intercept Mem on Slope SoLo -0.27 **   
                  Intercept Mem on Quadr. Slope Solo 0.18 **   
                  Intercept SoLo on Slope Mem -0.01   
                  Intercept Solo on Quadr. Slope Mem 0.01   
Notes: *** p<.001, ** p<.01, * p<.05, df = Degrees of Freedom, CFI = Confidence Fit Index, RMSEA = Root Mean Square Error 
of Approximation, SRMR = Standardized Root Mean Square Residual, Quadr. slope = Quadratic Slope 
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Mean age at baseline was 73.04 (SD = 7.40), and 51% of the respondents were 
female. Verbal intelligence was estimated by the program at 12.08, and physical 
functioning at 12.51 (T1), 11.98 (T2), and 11.14 (T3). No missing values were 
observed for age and sex. 
Next, we carried out three unconditional cross-domain analyses, in which the 
slopes and quadratic slopes of memory were regressed on the cross-domain 
intercepts of loneliness and support, and vice versa. Good-fitting models could be 
found without further restricting or freeing the parameters of the latent change 
models for the two domains (results not shown). Next, we included the covariates 
age, sex, and level of verbal intelligence (Model 2, Table 5.2). Of interest are the 
effects of level of support and degree of loneliness on rate of linear (slope) and 
non-linear (quadratic slope) change in memory functioning (bold arrows in Figure 
5.1), and vice versa. Table 5.2 presents the estimates of these effects and the 
accompanying statistics for fit. 
According to the first four rows in Table 5.2, the level of memory 
functioning has a non-significant effect of .41 on the rate of change in instrumental 
support received, as well as a non-significant effect on non-linear change in 
instrumental support received, indicating that the rate of change in instrumental 
support is not significantly affected by the level of memory functioning. 
Furthermore, the of level of instrumental support received did not show a 
significant effect on the rate of change in memory functioning, indicating that rate 
of change in memory functioning is not affected by the amount of instrumental 
support received. 
The next eight rows show the effect of level of memory functioning on 
change in emotional support received and change in social loneliness and vice 
versa. Four significant effects were observed. Rows five and six indicate that the 
level of memory functioning is related to linear and non-linear changes in 
emotional support received, and rows nine and ten indicate that the level of 
memory is related to changes in social loneliness. Social loneliness and level of 
emotional support did not influence the trajectories of change in memory 
functioning. Because quadratic slopes make a visual evaluation of the total effect 
rather complicated, we calculated four regression lines for two groups: people with 
low memory performance (of 2.5) and people with high memory performance (of 
6.5) (Figure 5.2). Over six years, the amount of emotional support received for 
individuals with high memory performance increased by .7 on a scale from 0 to 36; 
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whereas, for individuals with low memory performance, the receipt of emotional 
support decreased by .4. Over six years, the level of social loneliness decreased by 
.20 on a scale from 0 to 10 for people with high memory performance, but people 
with low memory performance at baseline became lonelier (+0.21). 
Because physical functioning may mediate the relationship between receipt 
of support and cognitive functioning, we further included the time-variant 
observations for physical functioning (Model 3, Table 5.2). After controlling for 
physical functioning, the patterns and the size of the effects hardly change, 
indicating that the observed effects of the baseline level of memory on rates of 
change in emotional support, instrumental support received, and loneliness are not 
mediated by physical functioning. 
As social loneliness and receipt of support may be two sides of the same 
coin, we looked further at their shared variance at baseline. Emotional and 
instrumental support shared 25% of their variance, emotional support and social 
loneliness shared 13% of their variance, and instrumental support and social 
loneliness shared 8%. Although the shared variance indicates that these indicators 
are not too strongly associated, for the final models we separated out the influence 
of the remaining social variables by letting the baseline scores regress on intercepts, 
slopes, and quadratic slopes (Model 4, Table 5.2). 
Controlling for baseline levels of support and loneliness had little effect on 
the observed relationships. The effect of memory on change in amounts of 
instrumental support received became insignificant (t = 1.93) at the α = .05 level. 
All other effects remained nearly equal, indicating that the level of memory 
functioning independently affects changes in the amount of emotional support 
received and social loneliness. 
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     Figure 5.2   Six year change in emotional support received and social loneliness for high and low memory functioning.
Notes: Dashed line with boxes = change in emotional support received/10 (memory = 6.5), solid line with diamonds = 
change in emotional support received/10 (memory=2.5), dashed line with crosses = change in loneliness (memory=6.5), 
solid line with triangles = change in  loneliness (memory = 2.5).
 
Discussion 
In this longitudinal, community-based study, we investigated whether receiving less 
instrumental and emotional support and experiencing higher levels of social 
loneliness are related to a greater decline in memory functioning. We also 
investigated reversed causation, i.e., whether the level of memory is predictive of 
changes in emotional and instrumental support and in social loneliness. Our study 
could not confirm the hypothesis that absence of loneliness or the receipt of 
support protects against cognitive decline (hypotheses 1a and 2a). However, 
evidence was found for our alternative hypotheses (1b and 2b), as we observed that 
lower levels of memory functioning are related to an increase in social loneliness 
and a decrease in emotional support received. 
 Although significant, the magnitude of the effect of the level of memory on 
the amount of emotional support received is not very substantial. An increase in 
memory performance of four points on a scale ranging from 0 to 15 resulted in a 
decrease in emotional support of only 1.1 points on a scale from 0 to 36. As shown 
in Table 5.1, the average level of emotional support received did not significantly 
change over time, and differences between individuals were small. This indicates 
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that there is not much to explain. Of greater importance is the effect of lower 
memory performance on social loneliness. In our study, we observed an increase 
from 1.94 to 2.15 for older adults with low levels of memory, suggesting that older 
people with low memory performance are at risk of becoming socially lonely. 
Our study contradicts the findings of Fratiglioni et al. (2000) and the 
suggestions made by Berkman (2000). Neither the receipt of support nor the 
absence of feelings of loneliness protect older adults against cognitive decline. 
Differences between our study and theirs could be due to differences in selected 
variables, as well as to differences in study design. Perhaps the most important 
difference is that in applying a cross-domain analysis, we were able to disentangle 
the causal effects between social engagement and cognitive functioning. No 
reversed effects were estimated in the study by Fratiglioni et al. (2000) and 
therefore no such effects could be detected. In addition, instead of focusing on 
changes in observed scores, we used a structural equation model that accounts for 
measurement errors as well as residual correlations over time. This method enabled 
us to focus on actual change rather than observed change. It is possible that 
changes based on observed scores can be attributed to measurement error rather 
than to heterogeneity in the actual rate of change (Willet & Sayer, 1994). Finally, 
Fratiglioni et al. (2000) used the Mini Mental State Examination to assess cognitive 
functioning, while we used memory performance. The Mini Mental State 
Examination, often used as a screening instrument for dementia, involves 
indications of recall, orientation, registration, attention, language, and construction 
(Folstein, Folstein, & McHugh, 1975). We looked only at memory functioning. 
However, a decline in memory functioning often precedes dementia, suggesting 
that factors that appear to predict dementia could also predict a decline in memory 
functioning. 
Our research strongly suggests that conclusions about the direction of 
causation during the observed period must be based on analytical models that 
evaluate both directions of causation. Ignoring one of the two directions may lead 
to biased conclusions with respect to the mechanism underlying the observed 
associations. However, by starting at a given point in time, one neglects what 
happened before the start of the study. It could have been so that decline in 
support received and increase in loneliness preceded the lower levels of memory 
performance at baseline.  
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 In summary, our study indicates that older adults with lower levels of 
memory functioning are more likely to become socially isolated. The idea that 
engagement with (relevant) others helps to maintain memory functioning ('use it or 
lose it' ) could not be confirmed. Instead, we found that older adults who are 
already vulnerable with respect to memory functioning, also have an increased risk 
of losing relationships that may protect them from loneliness, which in the long 
run, may leave them with a shortage of emotional support. Older adults with higher 
levels of memory functioning were able to maintain, and even enhance, the desired 
number of personal relationships and to increase the level of emotional support 
received from their network. Or to state it in another way, a Matthew effect 
appeared: 'for unto every one that hath shall be given, and he shall have abundance: 
but from him that hath not shall be taken away even that which he hath' (Matthew 
25:29). 
This Matthew effect seems to indicate that ideas formulated in the 
Socioemotional Selectivity Theory (SST) (Carstensen, 1993) and the closely related 
theory of Selective Optimization with Compensation (SOC) (e.g., Baltes & 
Carstensen, 1996) need further specification. Carstensen suggests that older 
individuals actively arrange their social environment so as to guarantee optimal 
levels of support and well-being. SOC implies that in saving mental energy, older 
adults increasingly select those relationships that best fit their needs (support) and 
preferences (avoidance of loneliness). However, we observed that only people who 
had higher levels of memory functioning at baseline were able to maintain their 
relationships at the desired level as they did not experience an increase in feelings 
of loneliness. Also, with respect to the amount of support received, it appeared that 
only people with higher levels of memory performance did not experience a 
decrease in the amount of support received from their network. Good memory 
performance seems to be a prerequisite for maintaining success in later life. 
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Introduction 
This thesis investigated the interrelationship between changes in cognitive and 
social functioning in older persons. Three aspects of social functioning were 
distinguished: (1) activities outside the social network, such as attending a course 
and going to a museum, (2) the structure of the social network, such as the size and 
composition of the network, and (3) the function of the social network, such as the 
amount of support received from the network. We also investigated the influence 
of another contextual factor, i.e., the loss of the spouse. With respect to cognitive 
functioning, our focus was on fluid intelligence, such as memory and information 
processing speed, because these functions are found to decline with aging. 
Moreover, a decline in fluid intelligence may indicate an early stage of Alzheimers’ 
disease (Morris, Storandt, Miller, McKeel, Price, Rubin, & Berg, 2001), which 
makes this study also of interest for clinical practice. Below, we first present the 
research questions together with the main research findings. Then we discuss 
several methodological and theoretical implications. We conclude this chapter with 
suggestions for further research and the overall conclusions. 
 
 
 
Summary of research questions and main findings 
The diagram representing the interrelationship between cognitive and social 
functioning under study was presented in Figure 6.1. In the first study (Chapter 2) 
we investigated whether activity in older adults was the cause or consequence of 
cognitive functioning (arrow C and D). Our first question read: 
1a. What is the direction of causation between different types of everyday 
activities and cognitive functioning over a period of six years? 
To assess the direction of causation, we applied a cross-lagged regression model, in 
which the effects of unknown confounding variables were also taken into account 
(arrows E). We found little evidence for either of the causal effects; none of the 
activities were found to enhance cognitive functioning six years later when we 
controlled for age, gender, level of education, and physical health, as well as 
unknown confounding variables. Even an activity with a distinctly cognitively 
demanding component such as studying did not enhance cognitive performance in 
our sample of older adults. 
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Figure 6.1 Representation of the supposed interrelationship between social and cognitive functioning
 
This finding cancelled out the second question, which read as follows: 
1b.  If everyday activities indeed enhance cognitive functioning, do specific 
activities differ in their impact on cognitive performance? 
Our third research question was: 
1c. If cognitive functions indeed enhance everyday activities, do specific 
cognitive functions differ in their impact on everyday activities? 
We only observed a positive effect of information processing speed on attending a 
course, indicating that individuals with higher levels of information processing 
speed are more likely to engage in activities that are cognitively demanding. In 
other words, leading an active life is not related to maintenance of cognitive 
functioning in community dwelling older adults. Rather, higher levels of cognitive 
functioning makes participation in cognitively demanding activities, such as 
attending a course, more likely. The positive relationship between activities and 
cognitive functioning often observed in other studies is most likely explained by 
specific lifestyles, in which the types of activities engaged in and the level of 
cognitive functioning are closely related. 
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In the second study (Chapter 3) we focused on changes in the personal network 
over six years (arrow A) and how these changes were influenced by a decline in 
cognitive (arrow D) and physical functioning, in addition to the effect of age. We 
formulated the following questions: 
2a. Do the size and composition of the personal network of older adults change 
over six years? 
2b. If so, does physical and general cognitive decline increase the likelihood of 
network changes? 
Because there is currently no theoretical argument that specific cognitive functions 
have differential effects on changes in the personal network, and for reasons of 
parsimony, we only used the Mini Mental State Examination (MMSE) (Folstein, 
Folstein, & McHugh, 1975). The MMSE reflects many aspects of cognitive 
functioning, such as recall, orientation, registration, attention, language, and 
construction, and is therefore a good instrument to assess cognitive functioning. 
Moreover, the MMSE is judged to satisfactorily assess the severity of cognitive 
impairment and cognitive changes (Tombaugh & McIntyre, 1992). 
 Four network types were distinguished, based upon differences in size and 
composition. Over time, transitions from one network type to another were 
observed for 31% of the study sample. Our study revealed the following. First, an 
increase in the proportion of family relationships in the network over time is not 
only a consequence of age, but also of cognitive and physical functioning. Second, 
it appears that changes in the network are a function of the size of the network as 
well as an individual’s age and cognitive or physical capacity. Next, in contrast to 
the Socioemotional Selectivity Theory (Carstensen, 1992), we found that friends are 
unlikely to stay in the network of an individual of greater age who is also 
experiencing cognitive decline. Last but not least, we observed that physical decline 
acts to mobilize family members who are more likely to provide long term help 
than neighbors, whereas cognitive decline is related to loss of friends and 
neighbors, and also to loss of family members when the network is large. Whether 
the loss of network members may be interpreted as a demobilization of helpers 
depends on the quality of the remaining relationships. Further research is needed to 
address this issue. The findings suggest that cognitive functioning is an important 
condition for social integration and thus for the well-being of older individuals. A 
decline in cognitive functioning may disrupt the balance of support received and 
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provided, resulting in the end of the relationship. A decline in cognitive functioning 
thus leads to the loss of potential sources of support. 
 
 
The third study (Chapter 4) aimed to investigate the effect of conjugal bereavement 
on memory functioning (arrow E and D). Many studies on bereavement 
consistently observe that the loss of the spouse has a detrimental effect on physical 
and mental functioning; however, the effect on cognitive functioning has been 
largely unexamined, although there are some indications that cognitive functioning, 
too, may be affected by bereavement (Xavier, Ferraz, Trentini, Freitas, & 
Moriguchi, 2002). According to neurobiologists, high levels of stress can lead to the 
deterioration of memory functioning (Newcomer, Selke, Melson, Hersey, Craft, 
Richards, & Alderson, 1999; Sapolsky, 1999, 2000). Furthermore, reduced levels of 
physical and mental functioning may also have repercussions on cognitive 
functioning (McBride & Abeles, 2000). Unfortunately, our study lacks measures of 
stress in individuals, but we do have measures of physical and mental health to 
evaluate an indirect effect of bereavement on memory. We only looked at memory 
because increased levels of stress may have the most distinct effect on memory 
(Sapolsky, 1999, 2000). Because there are indications that men suffer more from 
bereavement than women (Stroebe & Stroebe, 1983; Lee, DeMaris, Bavin, & 
Sullivan, 2001), we also estimated the interaction effect between gender and 
widowhood. The following research questions were addressed: 
3a. Does the loss of the spouse lead to greater memory decline in older adults? 
3b. If so, is this decline in memory functioning in fact the consequence of 
changes in other domains of functioning, such as physical and mental health, 
that are affected by spousal bereavement? 
3c. Do any of the effects of widowhood on memory decline differ for men and 
women? 
The analysis indicated that widowed people (N=219) showed a two times greater 
decline in memory functioning than people who remained married during follow-up. 
The impact of widowhood on memory performance was equal for men and women. 
Since we ruled out the effect of physical health as an alternative explanation for the 
negative effect of widowhood on memory performance, and since there was a small 
but significant effect of the baseline level of depression on the rate of memory 
decline, evidence for the role of stress in memory performance increases. The length 
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of widowhood was not related to memory performance, suggesting that bereavement 
causes an irreversible decline in memory performance.  
 
In our fourth and final empirical study (Chapter 5) we investigated the relationship 
between the function of the personal network -- that is the amount of support and 
feelings of loneliness -- on memory functioning (arrow C). In a study conducted by 
Fratiglioni and colleagues (Fratiglioni, Wang, Ericsson, Maytan, & Winblad, 2000), 
it was found that an extensive social network and, more important, satisfying social 
relationships protected older individuals from dementia. However, as there are 
strong indications that cognitive decline leads to network changes (Chapter 3), and 
since a reversed causal path was not investigated in the study of Fratiglioni et al., 
there is some doubt about the supposed protective effect of the personal network 
on the incidence of dementia. In our study, we therefore applied an analytical 
model in which both directions of causation were included (arrows C and D). 
However, because the diagnosis of having dementia was not included in LASA, we 
used memory functioning instead, because of its predictive power for dementia 
(Morris et al., 2001). The following research questions were addressed: 
4a. Is social loneliness related to stronger memory decline, or does a lower level 
of memory functioning lead to social loneliness? 
4b. Are lower levels of support related to greater memory decline, or are lower 
levels of memory functioning related to reduced levels of instrumental and 
emotional support? 
Our study could not confirm the hypothesis that absence of loneliness or the 
receipt of support protects against memory decline. Conversely, we observed that 
persons with lower levels of memory had become lonelier at follow-up. 
Furthermore, we found a small but significant effect from the level of memory 
functioning on the amount of emotional support received. A higher level of 
memory performance was related to maintenance of social relationships and to an 
increase in emotional support. The idea that engagement with (relevant) others 
helps to maintain memory functioning could not be confirmed. Instead, we found 
that older adults who are already vulnerable with respect to memory functioning 
also have an increased risk of losing relationships that may protect them from 
loneliness, which in the long run, may leave them with a shortage of emotional 
support. 
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The strengths and weaknesses of the study:  
some methodological issues 
Ideally, scientific studies generate knowledge that can be used to confirm or falsify 
existing theories. For the accumulation of scientific knowledge, two things are 
important. The first is that the methods used reveal reliable and valid observations. 
The second is a good theory. In this section we discuss aspects of the empirical 
studies that might have influenced -- positively or negatively -- the reliability and 
validity of our observations. In the next section we will take a closer look at the 
theories. 
Conclusions drawn in this thesis were based on data collected by the 
Longitudinal Aging Study Amsterdam (LASA). The size of the initial sample 
(N=3,107), the culturally distinct geographical areas, and the random sampling 
from the population registers of 11 municipalities in The Netherlands contributed 
to the representativeness of the sample for the older Dutch population. However, 
sample attrition could have affected the external validity, or generalizability, of the 
study results. A major threat in all longitudinal studies, especially studies that deal 
with vulnerable and/or older adults, are values missing because of attrition. 
Because attrition appears to be selective -- that is, greater age, being male, a lower 
level of education, and lower levels of cognitive and physical functioning are all 
related to higher attrition rates -- the remaining sample is, in a way, the result of 
'survival-of-the-fittest'. In an attempt to improve the external validity of the study 
results, the LASA sample was stratified by age and sex according to the expected 
mortality at mid-term of the study, which guaranteed sufficient older and male 
persons at follow-up. Furthermore, in two studies (Chapters 4 and 5) we used an 
ML procedure to estimate missing values. This procedure, which is part of the 
Mplus program (Muthén & Muthén, 1998), replaces the missing values by estimates 
based on all other observations. Duncan, Duncan, and Li (1998) showed that this 
ML procedure yields good estimates of the missing values. Finally, given the large 
sample size and other attempts to reduce the generalization bias, the negative 
impact of attrition on the external validity of the study results is not likely to be 
large. 
A major advantage of the longitudinal design of LASA is that it enabled us 
to describe intra-individual changes across a part of the individual’s lifespan instead 
of focusing solely on inter-individual differences, which is the case in cross-
sectional research. Conclusions about the aging process based on inter-individual 
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differences may easily confound age-related changes with cohort differences 
(Schaie, 1965). The longitudinal study design further enabled us to solve 'chicken-
and-egg' questions, i.e., to draw conclusions on causality. It is generally agreed that 
inferring causality requires demonstrating that three conditions are met: (1) the 
presumed cause and effect are related, (2) the presumed cause precedes the effect 
in time, and (3) other competing explanations are ruled out (Duncan, Duncan, 
Strycker, Li, & Alpert, 1999). The second condition can never be met with cross-
sectional data. However, exclusion of other competing explanations (third 
condition) is sometimes complicated and depends on familiarity with other 
competing explanations, and the creativity of the researcher. Fortunately, the 
multidisciplinary character of LASA gives us the opportunity to investigate the 
multidimensionality and multicausality of the aging process and contributes to 
theoretical 'cross-fertilization' between the different academic disciplines. 
In our first empirical study (Chapter 2) we wanted to disentangle the causal 
effects of leading an active life and maintenance of cognitive functioning. We 
therefore applied a cross-lagged regression model (Bynner, 1994), which included 
reversed effects as well as a measurement model to account for errors in 
measurement. As we were interested in the differential effect of the activities on the 
four cognitive functions and vice versa, we estimated a separate cross-lagged 
regression model for each combination of one cognitive function and one type of 
activity (15 models in total). This approach, although defendable with respect to the 
research questions, increased the risk of finding significant effects on the basis of 
chance alone, implying an overestimation of the number of significant effects. 
However, it appears unlikely that this capitalization on chance disturbed the overall 
picture; in other words, everyday activities do not affect cognitive functioning or 
vice versa because only one of the cross-lagged effects appeared to be significant. 
One thing we could have done to reduce the number of models was to consider 
the four cognitive functions as indicators of the same underlying construct, fluid 
intelligence. However, combining the cognitive functions into one general fluid 
intelligence factor would ignore potential differences in their ontogeny. There are 
indications that factors influencing development differ across the cognitive 
functions (Salthouse, 1996; Sapolsky, 1999). 
 A weak point in this first study is that all cognitive functions as well as one 
everyday activity (i.e., attending a course or study) were represented by single-
indicator latent variables in the structural equation models. Although we handled 
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these single-indicator latent variables according to the procedures recommended by 
Hayduk (1987) and Bollen (1989), a better approach would have been to select 
three or four indicators per latent variable, as we did in Chapters 4 and 5, which 
would increase the reliability of the latent concepts. Increasing the reliability of the 
latent variables would, in turn, reduce the residual variance, which increases the 
possibility of finding significant effects. Another problem, also discussed in 
Chapter 2, was that attrition was selective and observations with missing values on 
any of the variables were excluded from the analysis. Our conclusions are thus valid 
only for a relatively healthy and active group of older adults. 
The strong point in the first study on the relationship between everyday 
activities and cognitive functioning was that we were able to disentangle the causal 
effects. A nice feature of the models being used was that they enabled us to show 
that the often observed positive relationship between leading an active life and 
maintaining cognitive functioning is in fact the consequence of other (unmeasured) 
confounding variables. The significant correlation between the residual variances of 
the latent variables points towards the existence of an underlying concept that 
causes a spurious relationship between activities and maintenance of cognitive 
functioning. We therefore stress that if research on causality does not include both 
directions of causation, the results may be biased or misleading. 
In the second empirical study (Chapter 3) we used log-linear modeling with 
latent variables to make simultaneous estimations of network types (based on 
differences in size and composition) and the likelihood of an individual making a 
change from one type to another, conditional on age and on physical and cognitive 
decline. For several reasons, this research must be considered a first step towards a 
better understanding of the consequences of physical and cognitive decline on the 
personal network of older persons. First, the results of our analysis are based on 
complete cases only; all individuals with missing observations on any of the 
variables were excluded, resulting in the generalization bias discussed earlier. 
Second, the analysis was not guided by strong theoretical expectations. Therefore, 
this research is in fact an explorative study, which requires replications or cross-
validation (Boomsma, 2000). Third, the program used to estimate the parameters 
obtains maximum likelihood solutions using the EM algorithm (Demster, Laird, & 
Rubin, 1977), which has been known to sometimes end up with a local rather than 
global maximum (Muthén, in press). If a local maximum is found, then the results 
obtained will not be the true maximum likelihood results. Although we used a wide 
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variety of starting values and selected the one with the lowest likelihood ratio L2, 
we can never be sure that another set of starting values would have provided even 
better results. Finally, the reason it is of interest to study network changes is that 
the personal network is an important source of support, and changes in the 
network may thus have important consequences for the amount of support 
received from the network. The implicit assumption that certain types of network 
provide a better guarantee of sufficient support than others needs further 
investigation. Nevertheless, the mathematical representation of the network types 
by means of a latent class analysis and the loglinear equations makes it possible to 
go beyond the descriptive analysis conducted by other researchers (for example, 
Wenger, 1992). The loglinear path model with latent variables generated insights 
that were difficult to detect when the focus was on only one of the network 
characteristics. 
A drawback of the third study (Chapter 4), in which we evaluated the effect 
of the loss of the spouse on changes in memory performance, was the lack of 
information about the circumstances of the death of the spouse, as well as 
indicators of stress. Although the death of a spouse is considered to be one of the 
most stressful life events (Holmes & Rahe, 1967), the extent to which the death 
was anticipated as well as the quality of the marriage and the quality of life of the 
deceased spouse, could have an important influence on the amount of stress 
generated by their death (Van Baarsen, Smit, Snijders, & Knipscheer, 1999). An 
important underlying mechanism that could be responsible for the deleterious 
effect of widowhood on cognition stems from the stress hypothesis, which 
suggests that increased and prolonged levels of stress cause a deterioration in the 
hippocampus, which plays an essential role in memory functioning (Sapolsky, 1999, 
2000). However, as we lack information about the amount of stress, this could not 
be evaluated. On the other hand, although we do not know the precise underlying 
mechanism responsible for the greater memory decline, the fact that we could 
compare the bereaved subsample with those who remained married (a control 
group) makes us feel comfortable with our overall conclusions -- that there is 
greater memory decline in bereaved adults. The technique of latent growth models 
contributes to an adequate description of the amount of change observed because 
it takes into account the lack of reliability of the measurements and the non-
linearity of the trajectories of change (Duncan et al., 1999). This method enabled us 
to estimate cross-domain relationships, i.e., correlations between decline in physical 
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and mental health and decline in memory (Willet & Sayer, 1996). A nice feature of 
the Mplus program used to estimate the latent trajectories is the replacement of 
missing values by estimates based on variables not missing, which reduced the 
biasing influence of attrition. 
In the fourth empirical study, we contested the findings of Fratiglioni and 
colleagues (Fratiglioni et al., 2000) who suggested that the social network exerts an 
important influence on the incidence of dementia, i.e., that people with satisfying 
relationships are less likely to develop dementia. We, however, focused on memory 
decline, so our study is not fully comparable to the study of Fratiglioni et al. 
Although many persons showing memory decline develop dementia – 30%-50% 
over three years (Ritchie, Artero, & Touchon, 2001) and 96% in 9.5 years (Morris 
et al., 2001) -- some adults with memory decline do not. Nevertheless, the inclusion 
of both directions of causation, as well as the inclusion of a measurement model 
that takes into account the unreliability of the measurements, plus the treatment of 
missing values, all contributed to the validity and reliability of the study results. 
 
 
 
Theoretical implications of the empirical studies 
Apart from good methods to reveal reliable and valid observations, a good theory 
is an important aspect of the accumulation of scientific knowledge. A theory may 
be defined as the construction of explicit explanations in accounting for empirical 
findings (Bengtson, Rice, & Johnson, 1999). If the theories being used are 
underdeveloped, then we might end up with many empirical generalizations, but 
little cumulative understanding (Bengtson, Burgess, & Parrott, 1997). However, 
studies in the field of social and psychological gerontology have not been 
embedded in a strong theoretical tradition. For example, the 'use it or lose it' idea, 
which has a prominent place in this thesis, is basically an empirical generalization 
rather than a construction of explicit explanations that account for empirical 
findings. Furthermore, the status of Selective Optimization with Compensation 
(SOC) (Baltes, 1997) as a theory is debatable. One could argue that SOC is, in the 
narrow sense of the word, not a theory but merely an advice to help us make the 
most of our cognitive resources (see for example, Berk, 1998). On the other hand, 
SOC is also described as a "metamodel, that attempts to represent scientific 
knowledge about the nature of development and aging with the focus on successful 
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adaptation" (Baltes & Carstensen, 1996, p. 397), and has guided several studies that 
test the viability of the underlying mechanisms (Freund & Baltes, 1998; Wiese, 
Freund, & Baltes, 2000)  
Nevertheless, although strong theories are lacking, our research has some 
important theoretical implications. First of all, we did not find evidence for the 'use 
it or lose it' idea in our sample of community-dwelling older adults. This may imply 
at least two things: (1) there is no effect of leading an active life on maintenance of 
cognitive functioning whatsoever, or (2) the relationship between level of activity 
and maintenance of cognitive functioning is not additive (the more activities the 
better), but protective. That is, everyday life in general generates sufficient stimuli 
to assure the minimal amount of stimulation, and only circumstances of extreme 
under-stimulation may cause a loss of cognitive function. There appears to be some 
empirical evidence for the second statement. Take for example the often-quoted 
studies of the influence of the environment on brain development in rats by 
advocates of the 'use it or lose it' adagium. In these animal experiments, the 
cognitive functions of rats who live in stimulus-poor environments are compared 
with those who live in stimulus-rich environments (e.g., Rosenzweig & Bennett, 
1996). In these studies the question is whether a stimulus-rich environment has 
beneficial effects on the brain and cognitive functions of older adults. However, the 
stimulus-poor environment in the laboratory experiments with rats may reflect such 
an unnaturally low level of stimuli that a more appropriate question might be "what 
happens to the rats’ brains when we put them in isolation?" Of course, this 
question can hardly be answered for humans, as experiments in this context are 
ethically unacceptable, and such extreme isolation in human life does not often 
occur. Nevertheless, it seems reasonable to assume that everyday life in general 
provides sufficient stimuli to maintain cognitive functioning and that additional 
activities do not contribute further to cognitive functioning. 
Second, in addition to the assumed proactive behavior of the older adult that 
prefers certain types of relationships (Carstensen, 1992) we observed that changes 
in the personal network are also the consequence of diminishing cognitive and 
physical capacities (Chapter 3). When cognitive capacities diminish, the personal 
network becomes smaller. Diminishing cognitive capacity can thus be considered a 
major threat to the maintenance of the personal network, and thus to the well-
being of older adults. The study on the interrelationship between social loneliness, 
emotional support, and memory functioning (Chapter 5), and the study on the 
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consequences of cognitive decline on the personal network (Chapter 3) confirmed 
the idea that cognitive capacity plays an important role in the social involvement of 
older adults. 
Finally, our study provided strong evidence for the detrimental effect of 
widowhood on memory performance in older adults. Bereavement appeared to be 
one of the factors that causes intra-individual and inter-individual differences in 
memory functioning.  
 
 
 
Suggestions for future research 
The protective effect of everyday activities on cognitive function (Chapter 2) 
implied in the 'use it or lose it' approach needs further study. Although we 
observed that higher levels of everyday activity did not enhance cognitive 
functioning, it may be that older adults who live in extremely deprived situations 
may benefit from enriched environments. However, it may be difficult to find 
situations of extreme under-stimulation, which makes it hard to prove these 
assumptions.  
In regard to the consequences of cognitive and physical decline on the 
composition of the personal network, the next step would be to investigate 
whether the different types of network actually are related to the amount of social 
support exchanged. Furthermore, it is of interest to see whether our conclusions 
are sustained when missing data were taken into account. Fortunately, the 
computer program used in the analyses (LEM) is suitable for that, as the EM 
algorithm used to obtain maximum likelihood solutions for the parameters of the 
model also handles missing data (Vermunt, 1997a). 
Finally, additional research is needed to explain the underlying mechanisms 
that causing a negative effect from widowhood on cognitive functioning. Although 
it seems likely that stress is responsible for the detrimental effect of stress on 
memory functioning, the absence of indicators of stress restrained us to draw 
strong conclusions on this. Fortunately, in the fourth measurement of LASA the 
respondents are tested for their level of the hormone cortisol, which is produced 
when people experience stress. As soon as these cortisol measures are available, we 
can investigate whether the loss of the spouse is indeed related to increased levels 
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of cortisol, which makes conclusions on the supposed detrimental effect of stress 
on memory functioning in older adults more likely.  
 
 
 
Epilogue 
Our study revealed that, in general, being socially active does not protect older 
adults from cognitive decline. The 'use it or lose it' adagium applied to cognitive 
functioning appears to be an overly optimistic view about the possibilities of 
postponing the onset of cognitive decline. However, does this mean that we should 
conclude that social activities do not contribute to the well-being of older adults? 
Certainly not. We argued in chapter 1 that participation in social activities and the 
relationships to other human beings contributes to the integration of older adults. 
Social integration is healthy for older adults in both physical and mental terms, and 
forms an essential part of the social foundations of modern societies and 
contributes to the bonding that holds societies together. In other words, the 
correctness of the 'use it or lose it' adagium depends on what is meant by 'it'. 
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Samenvatting 
 
 
 
 
 
 
 
Over de relaties tussen  
cognitief en sociaal functioneren  
op oudere leeftijd 
 
  102
Inleiding 
'Use it or lose it' of de Nederlandse equivalent 'rust roest' wordt door velen -- leken 
en beroepsmensen -- verkondigd als dé manier om vroegtijdig cognitief verval 
tegen te gaan. Zoals fysieke inspanning het fysieke lichaam in vorm houdt, zo zou 
cognitieve inspanning het brein gezond houden. Van verschillende activiteiten, 
zoals schaken, bridgen, of studeren wordt gedacht dat het als vorm van 
hersengymnastiek de prestaties van het brein verbetert. Zelfs alledaagse activiteiten 
zoals sociale interactie, of naar een museum gaan, worden beschouwd als 
cognitieve stimuli die het verouderingsproces van het brein vertragen. Maar is dit 
wel zo? Of is het in feite andersom: Mensen met goede cognitieve vaardigheden 
zijn sociaal actief totdat cognitieve achteruitgang deelname aan de samenleving 
verhindert? En is het 'use it or lose it' adagium slechts een rudiment van de antieke 
zoektocht naar de bron van de eeuwige jeugd; een poging om de consequenties van 
het ouder worden uit te stellen? Deze, en andere kip-en-ei vragen staan centraal in 
dit proefschrift, waarin verslag wordt gedaan van de wederzijdse relatie tussen 
cognitief en sociaal functioneren van een grote groep Nederlandse ouderen in de 
leeftijd van 55 tot 85 jaar.  
Cognitieve functies, zoals bijvoorbeeld het geheugen, spelen een belangrijke 
rol bij het menselijk functioneren. Zonder voldoende cognitieve vaardigheden is 
het moeilijk, zo niet onmogelijk, om te voldoen aan allerlei sociale en financiële 
verplichtingen van het dagelijks leven. Helaas verminderen cognitieve vaardigheden 
met het ouder worden, hoewel er grote onderlinge verschillen bestaan in het 
moment waarop cognitieve achteruitgang zich voor doet en het tempo waarmee de 
achteruitgang zich voltrekt. Bij sommigen wordt al rond middelbare leeftijd 
cognitieve achteruitgang merkbaar; bij anderen blijkt dat pas na het 70ste levensjaar, 
en bij weer anderen is tot op hoge leeftijd geen enkel teken van cognitief verval 
merkbaar (Baltes & Baltes, 1990; Schaie, 1980, 1983). Een achteruitgang in een of 
meerdere van deze functies kan een vroege aanwijzing zijn voor pathologische 
cognitieve achteruitgang zoals bij de ziekte van Alzheimer. Cognitieve 
achteruitgang leidt uiteindelijk tot verlies van autonomie, een verminderd 
welbevinden en toenemende kosten voor de samenleving. 
Dit proefschrift beschrijft de wederzijdse relatie tussen veranderingen in 
cognitief en sociaal functioneren bij ouderen. Wat betreft het sociaal functioneren 
worden drie aspecten onderscheiden: (1) activiteiten buiten het persoonlijke 
netwerk, zoals een opleiding volgen of naar een museum gaan, (2) de structuur van 
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het persoonlijke netwerk, zoals de omvang en de samenstelling van het netwerk, en 
(3) de functie van het persoonlijke netwerk, zoals de hoeveelheid steun die door het 
netwerk wordt verleend. Daarnaast wordt onderzocht welke gevolg het verlies van 
de partner heeft op het geheugen. De cognitieve functies die geselecteerd zijn voor 
ons onderzoek zijn die functies waarvan bekend is dat ze verslechteren met het 
ouder worden. Voorbeelden daarvan zijn het geheugen, snelheid van informatie 
verwerking en het probleemoplossend vermogen. 
 
 
 
De LASA steekproef 
De gegevens die gebruikt worden ter beantwoording van de onderzoeksvragen zijn 
afkomstig van de Longitudinal Aging Study Amsterdam (LASA). LASA is de eerste 
longitudinale studie in Nederland die specifiek ontworpen is om determinanten van 
autonomie en welzijn van ouderen in kaart te brengen. Binnen LASA worden vier 
domeinen van functioneren onderscheiden: fysiek, emotioneel, sociaal en cognitief. 
LASA richt zich op voorspellers van veranderingen in deze vier domeinen, op 
trajecten van functioneren, op consequenties van veranderingen in functioneren, en 
op de wederzijdse relaties tussen de domeinen van functioneren (Deeg, 
Kniupscheer, & Van Tilburg, 1993). LASA is begonnen in 1991/1992 met een 
steekproef van 3107 respondenten in de leeftijd van 55 tot 85 jaar. Sinds het begin 
van de studie zijn alle respondenten elke drie jaar opnieuw ondervraagd, voor zover 
mogelijk met steeds dezelfde instrumenten en vragenlijsten. De vierde 
dataverzameling onder de resterende 1691 ouderen is afgerond in 2002. Voor de 
onderzoeken die vermeld staan in het proefschrift is gebruik gemaakt van de eerste 
drie dataverzamelingen. Deze drie metingen omspannen een onderzoekstijd van zes 
jaar. 
 De LASA steekproef is gestratificeerd naar leeftijd en geslacht, met een 
oververtegenwoordiging van ouderen en mannen. De steekproef is ad random 
getrokken uit de bevolkingsregisters van 11 gemeenten; Amsterdam, Wormerland, 
en Waterland voor west Nederland; Zwolle, Ommen, Genemuiden, Zwartsluis, en 
Hasselt voor oost Nederland; en Oss, Boekel en Uden voor zuid Nederland.  
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Onderzoeksvragen en belangrijkste bevindingen 
In Figuur 7.1 wordt aangegeven welke relaties tussen cognitief en sociaal 
functioneren in dit proefschrift zijn onderzocht. In hoofdstuk 2 onderzochten we 
hoe actief zijn en cognitief functioneren aan elkaar gerelateerd zijn. Met andere 
woorden of een actief leven leidt tot behoud van cognitieve functies, of dat de 
cognitief vaardige mensen een actiever leven leiden dan cognitief minder vaardige 
mensen (pijlen C en D). Onze eerste vraag luidde daarom: 
1a Wat is de richting van het verband tussen verschillende soorten activiteiten 
en cognitief functioneren? 
Om de richting van het verband te kunnen onderzoeken pasten we een structureel 
vergelijkingsmodel toe, waarbij de invloed van functioneren in het ene domein op 
het functioneren in het andere domein 6 jaar later werd onderzocht. Door de 
sterkte van beide effecten te vergelijken kan worden vastgesteld welk van de twee 
effecten dominant is. Bij de schatting van de sterkte van deze verbanden werd 
gecorrigeerd voor verschillen in leeftijd, opleiding, geslacht, en fysieke gezondheid, 
alsmede voor invloeden van niet nader gespecificeerde onderliggende factoren 
(pijlen E). Onze studie leverde weinig aanwijzingen voor een positief effect van 
(sociale) activiteiten op cognitief functioneren zes jaar later.  
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Figuur 7.1 Weergave van de veronderstelde relaties tussen sociaal en cognitief functioneren
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Zelfs het volgen van een studie waarbij het cognitief stimulerende karakter van 
activiteiten prominent aanwezig was had geen effect op cognitief functioneren zes 
jaar later. De tweede vraag, die luidde 
1b Als activiteiten inderdaad een positieve invloed hebben op cognitief 
functioneren, is dat effect dan voor alle activiteiten even sterk?  
kwam daarmee te vervallen. 
De derde vraag die we onderzochten luidde: 
1c Als het niveau van cognitief functioneren inderdaad van invloed is op de 
mate waarin men actief is, geldt dat dan voor alle cognitieve functies in 
dezelfde mate? 
We vonden alleen een positief effect van informatie verwerkingssnelheid op het 
volgen van een cursus zes jaar later, hetgeen betekent dat mensen die bij aanvang 
van de studie een hogere snelheid van informatieverwerking hadden, na zes jaar 
vaker een cursus volgden dan mensen met een lagere snelheid van 
informatieverwerking. Om kort te gaan, de geselecteerde activiteiten dragen geen 
van alle bij tot het onderhouden van de cognitieve functies bij voornamelijk 
zelfstandig wonende ouderen in de leeftijd van 55 tot 85 jaar. Er zijn eerder 
aanwijzingen voor een omgekeerde relatie, namelijk dat mensen met een snellere 
informatieverwerking vaker cognitief uitdagende activiteiten aangaan dan mensen 
met een lagere informatieverwerkingssnelheid. De vaak gevonden relatie tussen een 
actief leven en het onderhouden van de cognitieve functies moet 
hoogstwaarschijnlijk worden toegeschreven aan onderliggende factoren zoals 
leefstijl die nauw samenhangen met zowel de soorten activiteiten die men verkiest, 
als met het niveau van cognitief functioneren.  
 
In hoofdstuk 3 staan veranderingen in het persoonlijk netwerk centraal (pijl A) en 
hoe deze veranderingen naast veranderingen door leeftijd worden beïnvloed door 
een afname in cognitief (pijl D) en fysiek functioneren. De volgende vragen werden 
beantwoord: 
2a Verandert het persoonlijke netwerk van ouderen over de tijd? 
2b Zo ja, verhogen cognitieve en fysieke achteruitgang de kans op 
veranderingen in het netwerk? 
Omdat er op dit moment geen theorie voorhanden is op basis waarvan 
verondersteld kan worden dat vooral specifieke cognitieve functies gerelateerd 
zouden zijn aan veranderingen in het persoonlijke netwerk, hebben we in dit 
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onderzoek alleen gebruik gemaakt van een globale indicatie van cognitief 
functioneren; de Mini Mental State Examination (MMSE) (Folstein, Folstein, & 
McHugh, 1975). Een score op de MMSE geeft een indruk van verschillende 
facetten van het cognitief functioneren, namelijk herinneren, oriënteren, registreren, 
aandacht, en constructie. Bovendien geven veranderingen op de MMSE een goede 
indruk van de ernst van de cognitieve aandoeningen (Tombaugh & McIntyre, 
1992).  
 In het onderzoek werden op basis van verschillen in omvang en 
samenstelling vier verschillende typen netwerken onderscheiden, die varieerden van 
klein familiegeoriënteerd tot groot vrienden- en burengeorienteerd. In zes jaar bleek 
31% van de respondenten een ander type netwerk te hebben gekregen. In veel 
gevallen was er sprake van een toename van het aandeel familieleden. Deze 
toename bleek niet alleen een gevolg van het ouder worden, maar ook een gevolg 
van veranderingen in cognitief en fysiek functioneren. Daarnaast bleek dat, in 
tegenstelling tot wat de Socioemotional Selectivity Theory van Carstensen (1992) 
voorspelt, dat vrienden uit het netwerk verdwijnen als oude mensen tevens 
cognitief achteruitgaan. Tot slot zagen we dat fysieke achteruitgang leidt tot het 
mobiliseren van familieleden in het netwerk, terwijl cognitieve achteruitgang leidt 
tot verlies van vrienden en buren, maar ook tot verlies van familieleden als het 
persoonlijk netwerk groot is. Of een verlies van netwerkleden geïnterpreteerd moet 
worden als een demobilisatie van helpers hangt af van de kwaliteit van de relaties 
die overblijven, waarvoor nader onderzoek nodig is. Onze bevindingen tonen aan 
dat goed cognitief functioneren een belangrijke voorwaarde is voor sociale 
integratie, en dus voor het welzijn van ouderen. Achteruitgang in cognitief 
functioneren kan de balans in een relatie verstoren wat kan leiden tot het 
beëindiging van de relatie. Daarmee verdwijnt dan tevens een potentiële bron voor 
steun.  
 
In hoofdstuk 4 is het effect is van het overlijden van de partner op het geheugen 
onderzocht (pijlen E en D). Veel studies naar verweduwing tonen aan dat het 
verlies van de partner een schadelijk effect heeft op fysiek en mentaal functioneren. 
Of partnerverlies eveneens een schadelijk effect heeft op cognitief functioneren is 
nauwelijks onderzocht. Toch zijn er aanwijzingen dat het verliezen van de partner 
door sterfte ook op het cognitief functioneren een schadelijk effect kan hebben 
(Xavier, Ferraz, Trentini, Freitas, & Moriguchi, 2002). Dit zou verklaard kunnen 
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worden door de stress die met het partnerverlies gepaard gaat. Volgens 
neurobiologen veroorzaakt langdurige stress schade aan de hypocampus, een 
orgaan die een vitale rol speelt bij het geheugen (Newcomer, Selke, Melson, Hersey, 
Craft, Richards, & Alderson, 1999; Sapolsky, 1999, 2000). Bovendien kan een 
verslechterd fysiek of mentaal functioneren ook zijn weerslag hebben op cognitief 
functioneren (McBride & Abeles, 2000). Helaas waren er ten tijde van het 
onderzoek geen gegevens over de mate waarin men stress ervaren heeft. Wel zijn er 
gegevens over fysieke en mentale gezondheid zodat we een indirect effect van 
partnerverlies op het geheugen kunnen onderzoeken. Voor deze studie werden 
alleen veranderingen in het geheugen onderzocht omdat stress met name ingrijpt 
op het geheugen (Sapolsky, 1999, 2000). Omdat er aanwijzingen zijn dat mannen 
meer leiden onder het verlies van een partner dan vrouwen (Stroebe & Stroebe, 
1983; Lee, DeMaris, Bavin, & Sullivan, 2001) werden mannen en vrouwen apart 
onderzocht. In de studie stonden de volgende vragen centraal: 
3a Leidt partnerverlies tot sterkere achteruitgang van het geheugen? 
3b Zo ja, is deze achteruitgang het gevolg van veranderingen in andere 
domeinen van functioneren, zoals achteruitgang in fysieke en mentale 
gezondheid door partnerverlies? 
3c Zijn eventuele effecten van partnerverlies op geheugen verschillend voor 
mannen en vrouwen? 
De analyses toonden aan dat mensen die hun partner verloren (n =219) een twee 
keer sterkere achteruitgang in het geheugen hadden dan mensen die gedurende het 
onderzoek getrouwd bleven. Dit effect was gelijk voor mannen en vrouwen. Deze 
sterkere achteruitgang kon niet verklaard worden door achteruitgang in het fysieke 
en mentale functioneren. De duur van de verweduwing was niet van invloed op de 
sterkte van het effect wat suggereert dat verweduwing een onherstelbare schade aan 
het geheugen verricht.  
 
In de hoofdstuk 5 onderzochten we de relatie tussen de functie van het 
persoonlijke netwerk -- dat wil zeggen de hoeveelheid steun die het netwerk 
genereert en gevoelens van eenzaamheid -- en het geheugen (pijl C). In een studie 
uitgevoerd door Fratiglioni en collega's werd gevonden dat een uitgebreid 
persoonlijk netwerk, en bevredigende relaties ouderen beschermt tegen dementie 
(Fratiglioni, Wang, Ericsson, Maytan, & Winblad, 2000). Echter, omdat we in 
hoofdstuk 3 vonden dat achteruitgang van cognitieve functies ook kan leiden tot 
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het verlies van relaties, en omdat in de studie van Fratiglioni een omgekeerd effect 
niet is onderzocht, is er reden om aan de juistheid van hun conclusies te twijfelen. 
Om beide causale richtingen te onderzoeken gebruikten we bij ons onderzoek een 
analytisch model waarbij beide effecten werden onderzocht (pijlen C en D). Omdat 
LASA geen diagnostische testen heeft om dementie te kunnen vaststellen werd, 
vanwege de voorspellende waarde voor dementie, de prestatie op geheugentests 
gebruikt. De volgende vragen zijn onderzocht: 
4a Is sociale eenzaamheid gerelateerd aan een sterkere achteruitgang van het 
geheugen, of leidt een slechter geheugen tot sociale eenzaamheid? 
4b Hebben mensen die minder steun ontvangen een sterkere achteruitgang in 
het geheugen dan zij die meer steun ontvangen, of leidt een slechter 
geheugen tot een afname aan emotionele en instrumentele steun? 
De resultaten van het onderzoek kon de hypothese dat afwezigheid van 
eenzaamheid en het ontvangen van steun beschermt tegen achteruitgang van het 
geheugen niet bevestigen. Sterker nog, we vonden dat mensen met een slechter 
geheugen na zes jaar eenzamer geworden waren. Verder vonden we een klein maar 
significant effect van het geheugen op de hoeveelheid emotionele steun die men 
ontvangt. Mensen met een beter geheugen bleken beter in staat de relaties, en 
konden het totaal aan emotionele steun wat ze ontvingen vergroten. Het idee dat 
de omgang met (relevante) anderen bijdraagt aan het onderhouden van het 
geheugen kon niet worden bevestigen. Integendeel, mensen die al kwetsbaar zijn 
vanwege hun slechtere geheugen hebben ook nog een verhoogde kans om relaties 
die hen kunnen beschermen tegen eenzaamheid te verliezen, waardoor ze op de 
lange termijn ook nog te kampen kunnen krijgen met een tekort aan emotionele 
steun.  
 
 
 
Sterke en zwakken punten van de studie: enkele 
methodologische overwegingen 
Idealiter genereren wetenschappelijke studies kennis wat gebruikt kan worden om 
bestaande inzichten te bevestigen, te falsifiëren, of nader te specificeren. Voor deze 
ontwikkeling in kennis kunnen tenminste twee voorwaarden onderscheiden 
worden. Ten eerste moet de methode die gebruikt wordt betrouwbare en valide 
informatie opleveren. Een tweede voorwaarde is een goede theorie. In deze 
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paragraaf bespreken we aspecten die in de empirische studies ten positieve of ten 
negatieve de betrouwbaarheid en de validiteit hebben kunnen beïnvloeden. In de 
volgende paragraaf wordt aandacht besteed aan de gebruikte theorieën. 
 De conclusies die we in de empirische studies hebben getrokken zijn 
gebaseerd op data van de Longitudinal Aging Study Amsterdam (LASA). De 
omvang van de oorspronkelijke steekproef (N=3,107), de culturele verschillen 
tussen de gebieden waar de respondenten ten tijde van de steekproeftrekking 
woonden, en het ad random trekken van respondenten uit de bevolkingsregisters van 
11 gemeenten hebben allen bijgedragen aan de representativiteit van de steekproef 
voor de Nederlandse bevolking in de leeftijd van 55 tot 85 jaar. Echter, uitval van 
respondenten door de jaren heen zou de externe validiteit, ofwel de 
generaliseerbaarheid van de resultaten negatief kunnen beïnvloeden. Een lastig 
probleem bij alle longitudinale studies, en met name bij studies naar kwetsbare 
en/of oudere volwassenen, is het ontbreken van gegevens door uitval. Omdat 
uitval vaak selectief is, dat wil zeggen dat het vaker voorkomt bij mensen met een 
hogere leeftijd en bij mannen, en bij mensen met slechtere scores op de te 
bestuderen kenmerken, is de overblijvende steekproef vaak een 'survival-of-the-
fittest'. In een poging om de externe validiteit te vergroten is de LASA steekproef 
gestratificeerd naar leeftijd en geslacht, zodanig dat aan het eind van de studie nog 
voldoende oude ouderen en mannen in de steekproef aanwezig zijn. Daarnaast 
hebben we in twee studies een poging ondernomen om ontbrekende 
waarnemingen te schatten door gebruik te maken van een Maximum Likelihood 
(ML) procedure (Muthén & Muthén, 1998). Deze procedure vervangt per 
respondent alle ontbrekende waarden door een waarde die voor de betreffende 
respondent het meest waarschijnlijk zou zijn geweest. Deze schatting wordt 
gebaseerd op alle scores die wel beschikbaar waren. Volgens Duncan, Duncan, en 
Li (1998) geeft deze procedure goede schattingen van de ontbrekende gegevens. 
Gegeven de relatief grote steekproef en de gevolgde procedures om de generalisatie 
bias te reduceren, verwachten we dat de vertekening van de resultaten door uitval 
niet erg groot zal zijn. 
 Een groot voordeel van het longitudinale karakter van LASA is dat het ons 
in staat stelt om veranderingen binnen één individu (intraindividuele veranderingen) 
in plaats van verschillen tussen mensen (interindividuele verschillen) te beschrijven 
zoals dat bij eenmalige dwarsdoorsneden van de bevolking het geval is. Conclusies 
over het proces van ouder worden die gebaseerd zijn op verschillen tussen 
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individuen kunnen misleidend zijn omdat verschillen door leeftijd slecht te 
onderscheiden zijn van verschillen als gevolg van het cohort waartoe men behoort 
(Schaie, 1965). Dat bij LASA dezelfde groep mensen meerdere malen gemeten is 
maakt het verder mogelijk om 'kip-en-ei' vragen, of wel causaliteitsvragen te 
kunnen beantwoorden. Om conclusies ten aanzien van oorzakelijkheid te kunnen 
trekken is het namelijk nodig dat 1) de veronderstelde oorzaak en gevolg 
gerelateerd zijn, 2) de veronderstelde oorzaak in tijd vooraf gaat aan het gevolg, en 
3) dat andere mogelijke verklaringen worden uitgesloten (Duncan, Duncan, Li, & 
Alpert, 1999). Aan de tweede voorwaarde kan niet worden voldaan met cross-
sectionele data. Overigens is het zelfs met longitudinale data lastig om aan de derde 
voorwaarde te voldoen. Het uitsluiten van andere mogelijke verklaringen is 
gecompliceerd, en hangt voor een deel af van (bekendheid met) reeds bestaande 
kennis, en van de creativiteit van de onderzoeker. De vele wetenschappelijke 
disciplines die bij LASA betrokken zijn bieden op zijn minst de mogelijkheid om 
het multidimensionele karakter, en de multicausaliteit van de veroudering ten dele 
te onderzoeken, wat verder bijdraagt aan de theoretische kruisbestuivingen tussen 
de verschillende academische disciplines. 
 De eerste empirische studie had tot doel om de causale relaties tussen 
activiteiten en cognitief functioneren te ontrafelen. We gebruikten daarvoor een 
'cross-lagged' regressie model (Bynner, 1994), waarbij beide causale richtingen 
werden onderzocht, en waarbij door middel van een meetmodel gecorrigeerd werd 
voor meetfouten. Omdat we geïnteresseerd waren in hoe de verschillende 
activiteiten van invloed waren op de vijf onderscheiden cognitieve functies zijn er 
15 verschillende modellen geschat voor elke combinatie van een activiteit en een 
cognitieve functie. Hoewel deze keuze verdedigbaar is in het licht van de 
onderzoeksvraag, is het gevaar van het vinden van significante effecten op basis 
van toeval alleen bij zoveel modellen aanwezig, wat een overschatting van het 
aantal significante effecten kan veroorzaken. Echter, aangezien er juist minder 
effecten significant waren dan verwacht lijkt een dergelijke kanskapitalisatie de 
algemene conclusies niet te hebben verstoord. Wat we hadden kunnen doen om het 
aantal modellen te reduceren is om de vijf cognitieve functies te beschouwen als 
vijf indicatoren van hetzelfde onderliggende construct, waardoor het schatten van 
drie in plaats van 15 modellen voldoende was geweest. Het zou echter geen recht 
doen aan de potentiële verschillen in de ontogenese, of wordingsgeschiedenis van 
de verschillende cognitieve constructen. Er zijn namelijk aanwijzingen dat factoren 
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die de ontwikkeling van cognitieve functies beïnvloeden verschillen per cognitieve 
functie (Salthouse, 1996; Sapolsky, 1999). Een zwak punt in de eerste studie is dat 
alle latente factoren van de cognitieve functies, alsmede de latente factor voor het 
volgen van een cursus slechts door een indicator bepaald werd. Hoewel we deze 
'één-indicator factoren' behandelden volgens voorschriften van Hayduk (1987) en 
Bollen (1989), zou een betere methode zijn om drie of meer indicatoren per latente 
factor te kiezen, zoals we later deden in hoofdstuk 4 en 5. Een uitbreiding van 
indicatoren per latente factor verhoogt de betrouwbaarheid van de latente factoren, 
wat de mogelijkheid om significante effecten te vinden vergroot. Een ander 
probleem wat reeds besproken is in hoofdstuk 2 was dat alleen gerekend is met 
complete data. Respondenten zonder follow-up gegevens zijn buiten beschouwing 
gelaten. De conclusies zijn dus geldig voor een relatief gezonde en actieve groep 
ouderen. Een sterk punt in de eerste studie was dat we in staat bleken vast te stellen 
dat de vaak gevonden relatie tussen activiteiten en cognitief functioneren in feite 
het gevolg is van andere invloeden. De significante correlatie tussen de residuen 
van de latente variabelen wijst namelijk op het bestaan van een onderliggende 
factor die een schijnverband veroorzaakt tussen activiteiten en het onderhouden 
van cognitieve functies.  
In de tweede studie gebruikten we een log-lineair padmodel met latente 
variabelen. Met een dergelijk model is het mogelijk om in één schattingsprocedure 
vast te stellen welk type netwerk men heeft, en hoe groot de kans is om van type 
netwerk te veranderen, gegeven iemands leeftijd en cognitieve en fysieke 
functioneren. Om verschillende redenen moet dit onderzoek beschouwd worden 
als een eerste stap om de gevolgen van cognitieve en fysieke veranderingen op het 
persoonlijk netwerk in kaart te brengen. Ten eerste zijn alleen complete gegevens 
gebruikt, dat wil zeggen dat respondenten met ontbrekende gegevens buiten 
beschouwing gelaten zijn. Dit leidt tot de eerder besproken generalisatie bias. Ten 
tweede werd het onderzoek niet ondersteund door sterke theoretische 
verwachtingen. Het onderzoek moet daarom beschouwd worden als een 
exploratieve studie waarvoor herhaling of kruis-validatie nodig is (Boomsma, 2000). 
Ten derde worden de parameters van het model geschat met een EM-algoritme 
(Demster, Laird & Rubin, 1977) waarvan bekend is dat de schatting soms eindigt in 
een lokaal maximum in plaats van een globaal maximum. Bij een lokaal maximum 
zijn de gevonden resultaten niet de maximaal waarschijnlijke scores. Hoewel we een 
groot aantal verschillende schattingsprocedures doorlopen hebben, en de 
  112
schattingen met kleinste loglikelihood ratio (L2) genomen hebben, kan het zo zijn 
dat nog weer een andere schatting tot nog betere resultaten had geleid. Tot slot, de 
impliciete aanname dat bepaalde typen netwerken een betere garantie vormen voor 
steun verlening dan anderen moet verder onderzocht worden. Desalniettemin 
genereerde deze mathematische representatie van de netwerken inzichten die lastig 
te herkennen waren als slechts de kenmerken van het netwerk afzonderlijk werden 
onderzocht. 
In de derde studie onderzochten we of verweduwing leidt tot een sterkere 
achteruitgang van het geheugen. Een belangrijk tekort in die studie was dat we geen 
gegevens hadden over de mate waarin partnerverlies als stressvol werd ervaren. 
Hoewel het overlijden van de partner alom gezien wordt als één van de meest 
stressvolle levensgebeurtenissen (Holmes & Rahe, 1967), kan de hoeveelheid stress 
variëren door allerlei invloeden, zoals de mate waarin het sterven kon worden 
verwacht, de kwaliteit van leven en de kwaliteit van het huwelijk (Van Baarsen, 
Smit, Snijders, & Knipscheer, 1999). Terwijl de belangrijkste verklaring voor een 
mogelijk schadelijk effect van verweduwing op het geheugen moet worden gezocht 
in de stress die de dood van de partner met zich mee brengt, konden we dit niet 
onderzoeken omdat gegevens daarvoor ontbraken. Dat we veranderingen in het 
geheugen bij mensen die hun partner verloren konden vergelijken met 
veranderingen in het geheugen van hen die tijdens de duur van de studie getrouwd 
bleven sterkt ons in de overtuiging dat het overlijden van de partner leidt tot een 
versterkte achteruitgang van het geheugen. Bovendien stelde de gebruikte latente 
groeimodellen ons in staat om te corrigeren voor meetfouten, en konden relaties 
met veranderingen in andere domeinen worden onderzicht. Daarnaast bood het 
programma de mogelijkheid om ontbrekende waarnemingen te schatten wat heeft 
bijgedragen aan de generaliseerbaarheid van de bevindingen.  
In de vierde empirische studie stelden onderzochten we de bevindingen van 
een studie van Fratiglioni en collega's (2000), die suggereerden dat het persoonlijke 
netwerk een belangrijke rol speelt bij het voorkomen van dementie. Helemaal 
vergelijkbaar is onze studie niet met die van hen. Waar zij zich richtten op 
dementie, moesten wij gebruik maken van geheugentesten. Achteruitgang van het 
geheugen betekent echter slechts in 30-50% van de gevallen dat zich binnen drie 
jaar de ziekte dementie openbaart. Desalniettemin heeft het onderzoeken van beide 
causale paden waarbij rekening gehouden werd met meetfouten en ontbrekende 
waarnemingen bijgedragen tot de validiteit en betrouwbaarheid van de resultaten.  
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Sterke en zwakke punten van de studie: enkele 
theoretische overwegingen 
Naast goede en betrouwbare methoden van onderzoek is een goede theorie een 
essentieel onderdeel bij de ontwikkeling van nieuwe wetenschappelijke kennis. Als 
een theorie die gebruikt wordt onderontwikkeld is kan onderzoek eindigen in veel 
empirische generalisaties zonder dat begrip van het onderzochte fenomeen is 
toegenomen (Bengtson, Burgess, & Parrott, 1997). Echter, studies in de sociale 
gerontologie blinken niet uit in een sterke theoretische traditie. Zo is bijvoorbeeld 
de 'use it or lose it' gedachte, eerder een empirische generalisatie dan een 
uitgewerkte verklaring voor bepaalde verschijnselen. Ook is de Selectieve 
Optimalisatie met Compensatie theorie van Baltes (1997) in de strikte zin des 
woords eerder een advies om het meest uit de minder wordende cognitieve 
capaciteiten te halen dan een theorie (zie ook Berk, 1998).  
 Hoewel ons onderzoek niet geleid werd door sterke theoretische 
verwachtingen heeft het toch een aantal inzichten opgeleverd. Ten eerste bleek de 
'use it or lose it' hypothese niet op te gaan voor ouderen die voor het overgrote 
deel nog zelfstandig wonen. Dit gebrek aan bewijs impliceert tenminste twee 
dingen: (1) een actief leven leiden heeft hoe dan ook geen effect op het 
onderhouden van cognitieve vaardigheden, of (2) het effect van activiteiten op het 
onderhouden van cognitieve vaardigheden is niet additief (hoe meer hoe beter), 
maar beschermend. Daarmee bedoelen we dat het leven van alledag normaal 
gesproken voldoende stimuli genereert, om de cognitieve vaardigheden te 
onderhouden, en dat extra activiteiten hieraan niets meer toevoegen. Alleen 
situaties van extreme onderstimulatie zouden wellicht kunnen leiden tot versnelde 
cognitieve achteruitgang. Dierexperimenten uit de neurobiologie zouden hiervoor 
kunnen pleiten. Neem bijvoorbeeld de door voorstanders van het 'use it or lose it' 
principe vaak geciteerde studies over de invloed van de omgeving op de 
ontwikkeling van het brein bij ratten. In die studies worden de cognitieve functies 
van ratten die leven in een stimuli-arme omgeving vergeleken met ratten die in een 
stimuli-rijke omgeving leven (e.g. Rosenzweig & Bennett, 1996). Bij deze studies 
staat de vraag centraal of een stimuli-rijke omgeving positieve effecten heeft op het 
brein en de cognitieve functies. Echter, het niveau van prikkels in de stimuli-arme 
laboratorium omgeving is wellicht zo onnatuurlijk laag dat de vraag "Wat gebeurt er 
met het brein van de ratten als we de rat gaan isoleren?" beter op zijn plaats zou 
zijn. Uiteraard kan een dergelijke vraag niet beantwoord worden voor mensen 
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omdat experimenten op dit gebied onwenselijk zijn, en situaties van natuurlijke 
isolatie vrijwel niet voorkomen.  
Een tweede inzicht wat onze onderzoeken opleverde betrof de oorzaken van 
veranderingen in persoonlijke netwerken. Naast de eigen voorkeuren van ouderen 
om bepaalde typen relaties boven anderen te prefereren, spelen ook de afnemende 
cognitieve en fysieke capaciteiten een rol in de selectie van relaties. Als cognitieve 
vaardigheden afnemen, wordt het persoonlijk netwerk kleiner. Cognitieve 
vaardigheden spelen dus een belangrijke rol bij de sociale integratie, een bevinding 
die ook in hoofdstuk 5 wordt bevestigd. Tot slot verleende ons onderzoek een 
sterke aanwijzing voor het schadelijke effect van verweduwing op het geheugen bij 
ouderen.  
 
 
 
Suggesties voor vervolgonderzoek 
Het beschermende effect van het doen van activiteiten op cognitieve functies zou 
nader bestudeerd moeten worden. Hoewel wij geen relatie vonden tussen een actief 
leven en het onderhouden van cognitieve functies, zou het zo kunnen zijn dat 
mensen die in extreem prikkelarme omgevingen wonen kunnen profiteren van een 
verrijkte omgeving. Het zal echter moeilijk worden dergelijke situaties van extreme 
onderstimulatie te vinden.  
Wat betreft het onderzoek naar de effecten van cognitieve en fysieke 
achteruitgang op veranderingen in het persoonlijk netwerk zou een volgende stap 
kunnen zijn om te onderzoeken of en in welke mate de verschillende typen 
netwerken verschillende hoeveelheden steun genereren. Daarnaast is het van belang 
om te zien of onze bevindingen dezelfde zijn als het in een andere populatie wordt 
herhaald (kruis-validatie), en ook rekening gehouden wordt met uitval.. 
Tot slot; aanvullend onderzoek is nodig om het onderliggend mechanisme 
bij het negatieve effect van verweduwing op het geheugen te verklaren. Hoewel de 
onderzoeksresultaten suggereren dat stress hierbij een belangrijke rol speelt, kunnen 
we door gebrek aan informatie geen harde conclusies getrokken worden. Gelukkig 
zijn er bij de vierde onderzoekscyclus van LASA metingen verricht naar het 
hormoon cortisol, wat door mensen geproduceerd wordt wanneer ze stress 
ervaren.  
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Epiloog 
Onze studie wees uit dat, in het algemeen, sociaal actief zijn niet beschermt tegen 
cognitieve achteruitgang. Het 'use it or lose it' principe toegepast op het cognitief 
functioneren blijkt een te optimistische kijk op de mogelijkheid om cognitieve 
achteruitgang uit te stellen. Betekent dit dan dat we moeten concluderen dat sociale 
activiteiten niet bijdragen tot het welzijn van ouderen? Zeker niet. In hoofdstuk 1 
beweerden we dat participatie in sociale activiteiten bijdraagt tot de integratie van 
ouderen, en dat integratie gezond is voor ouderen zowel in fysiek als in mentaal 
opzicht. Bovendien vormt sociale integratie een essentieel onderdeel in het 
bijeenhouden van de moderne samenleving. Met andere woorden: de juistheid van 
het 'use it or lose it' adagium hangt af van wat bedoeld wordt met 'it'.  
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